Cattle vector-borne disease occurrence and management and climate change experiences in pastoral communities in Northern Tanzania by Kimaro, Esther
  
Cattle vector-borne disease occurrence and 
management and climate change experiences in 
pastoral communities in Northern Tanzania 
 
 
 
 
 
 
 
 
 
 
 
Esther Gwae Kimaro 
A thesis submitted in fulfilment of the requirements for the degree of  
Doctor of Philosophy 
 
 
 
 
Faculty of Science, The university of Sydney 
Sydney School of Veterinary Science 
Farm Animal and Veterinary Public Health  
2018 
 
i 
 
AUTHOR’S DECLARATION 
 
This thesis is an account of original research undertaken from mid-2013 to 2017 at The 
University of Sydney and Monduli District, Northern Tanzania. I am primarily responsible 
for the design, execution, and analysis and reporting of the research findings; however, all 
through my candidature the research work was shaped by my supervisors who are duly 
acknowledged in this thesis. I certify that the intellectual content of this thesis is the product 
of my own work and that all the assistance received in preparing this thesis and sources have 
been acknowledged. No part of the thesis has been submitted for any other degree. 
 
 
Esther Gwae Kimaro 
Bachelor of Veterinary Medicine (2003), Master of Veterinary Studies in Veterinary Public 
Health (2009) 
 
 
ii 
 
 
FINANCIAL SUPPORT AND GRANTS 
 
In August 2012, I was awarded the Australia Awards (Africa) Scholarship (PhD program) to 
pursue my studies at the University of Sydney starting in the second semester in 2013. The 
Australia Awards for Africa is a prestigious international scholarship funded by the 
Australian Government. This scholarship supports African mid-career professionals to 
undertake further study, research and professional development in Australian universities. 
This PhD program was also supported by the University of Sydney and Grants-in-Aid 
particularly on the contribution to research costs. I also received a grant from the 
Postgraduate Research Support Scheme (PRSS) to attend conferences to present my research 
findings. Further to the support fund for attendance at conferences, I also received a One-
Health fellowship and Southern Africa Society for Veterinary Epidemiology and Preventive 
Medicine (SASVEPM) grant to present my papers in conferences in Melbourne and South 
Africa respectively. 
iii 
 
 
DEDICATION 
 
I dedicate the research contained in this thesis to the pastoral communities of Monduli 
District, Northern Tanzania. Before I started fieldwork, I was concerned that the Maasai 
pastoralists might not welcome me, and probably could not participate in a positive 
collaboration due to some traditional norms about women’s involvement in the society. 
Thanks be to God the situation was completely different to my expectation; the Maasai 
pastoralists of Monduli District received the research project very well and provided a very 
positive cooperation that I will respect for the rest of my life. Given the positive attitude and 
support that the Maasai people showed towards this project, I dedicate this piece of work to 
all pastoralists of Monduli District, Northern Tanzania. 
 
iv 
 
 
ACKNOWLEDGEMENTS 
 
First of all, I am so grateful to the almighty God for His grace and love throughout my PhD 
journey. His wonderful blessings for the past four years have been so extraordinary; Lord I 
give you all Glory and Honour. 
 
I wholeheartedly thank my supervisors, Jenny-Ann L. M. L. Toribio and Siobhan M. Mor for 
their commitment and passion to providing me the optimal support for learning and treating 
me as colleague. Their tireless efforts to challenge my critical thinking and their patience to 
assist my writings have been extraordinary. Thank you very much, my supervisors, for your 
exceptional guidance, support and encouragement throughout my PhD journey. It is such a 
blessing to have had this outstanding supervisory team during my candidature. I am very 
grateful to be mentored by both of you, and without your keen support, I would not have been 
able to go through all the challenges in my PhD journey. I would like also to specifically 
thank my local supervisor Professor Paul S. Gwakisa of Sokoine University of Agriculture, 
Morogoro, Tanzania for your tireless efforts to guide and support me thorough out my PhD 
field work, laboratory work and reviewing several drafts for the chapters included in this 
thesis.  Further, I am grateful to Associate Professor Peter Thomson for his amazing support 
in statistical analysis for my research. Thank you for being available for us anytime we 
contacted you. I am also thankfully to Dr George Ridgway at the Learning Centre for guiding 
me very well in writing skills and organisation of my thesis. English is my second language, 
and how I have come so far it is unbelievable. I also would like to extend my sincere thanks 
to Sally Pope (professional editor with specialist knowledge of veterinary science) who 
proofread my literature review and the full thesis before submission. Once again, a huge 
thank you to you all and God bless your daily endeavours. 
 
I also wish to thank several other people who have supported me hugely and wonderfully on 
my PhD journey and particularly in reading my drafts and help me to shape my writings. 
Thank you very much, Dr Lauren McKnight, Dr Mary Abdelsayed and Dawn Vella. I am so 
grateful for your time dedicated for my work despite your busy schedule you have, you were 
always ready to spare your valuable time for my work. God bless you in your daily 
v 
 
endeavours, you are the reason for this achievement too, I know how and I truly appreciate 
your kind support and generosity throughout my life in Australia.  
 
I would like to thank the Australian Government through Australia Awards-Africa that gave 
me the most precious opportunity in my life and facilitated my dream come true to pursue 
PhD studies abroad. Thanks to the Maasai community for their willingness to participate in 
the study. I am also grateful to the Executive Director of Monduli District and the District 
Veterinary Officer by then Dr Jacob Akyoo, who gave their full support for this research in 
the field. Additional special thanks goes out to all village leaders for providing wonderful 
cooperation throughout the data collection process and working with me wholeheartedly to 
ensure the success of my field work. This study would not be achieved without your 
willingness and support throughout. I wish to acknowledge all participants of my study who 
gave their consent to participate voluntarily in this project. Thank you very much for your 
cooperation throughout the data collection and for sharing your opinions in various aspect of 
this research project. It was such a privilege to meet and learn from each of you.  
 
Honourably, I would like to thank my three angels Noela, Noreen and Nancy, for being such 
an amazing ‘research assistants’. There is no word to describe how they have shaped my life 
in Australia. It was not easy at all delivering and looking after three gals by myself while 
studying, but we made it together, my gals! You always cheer and enlighten my life although 
sometimes you can be really naughty but that’s part of your growing. I have to admit that 
without you my gals I would not be strong enough to accomplish this huge task. On the other 
hand, I am really sorry my gals if I have treated you badly in times of stress and frustrations. I 
am also endlessly thankful to my lovely husband, Jerome Gadi Kimaro, for agreeing with me 
to pursue my PhD program, thank you for being ready to stay with our children while I 
moved to Australia to pursue my PhD Program. I appreciate that you knew I did it for our 
family interests and not for my own, thank you very much, my husband, for this honour. To 
my beloved parents Mr and Mrs Naftal Gwae, thank you for respecting my choices since 
when I was young. Your constant support and encouragements in pursuing further education 
made me strong to go through this huge journey of my life. Additionally, special thanks go to 
my mum in law, Margareth Gadi Kimaro for accepting to look after my three young gals as I 
moved to Australia and during my entire field work. I am grateful for the love and guidance 
you offered to my children at such young age. I know you did all this while you were not OK 
vi 
 
healthy-wise but you accepted to take the burden of looking after and nurture my gals. Once 
again I say thank you very much, my mum in law. 
 
Last but not least, I would like to thank many Australian friends who have walked with me in 
this journey particularly I would like to thank Ross and Jane McGregor, Paul and Sue 
Mowen, Peter and Ann Selle, Gus and Karyn Rice, Timothy and Trish Cartwright, Dennis 
and Vail Austin family, Nobel Toribio and family, Rebecca and John family, Timothy and 
Kylie Mackie, and the Camden Uniting Church. Thank you very much all of you for your 
wonderful thoughtfulness and encouragements, love, support and powerful prayers all along 
my PhD journey. Rebecca and family, I am so much indebted to you, thank you very much 
for looking after my kids on several occasions while I was tied up with my PhD work. In this 
thesis, I cannot mention all people who have supported me in one way or another, but my 
heart is full of gratitude I say thank you very much to all friends and family members for your 
generous support throughout my life in Australia.  
vii 
 
ABSTRACT 
 
In Tanzania, the livestock sector is of critical importance to the country’s economy and the 
wellbeing of the rural population. The sector plays a major role in socio-economic 
development and nutritional security in Tanzania with livestock keeping supporting 50% of 
the population, including pastoralist communities, which depend principally on livestock 
production. In these pastoralist communities, animal health challenges are one critical 
constraint on cattle production and pastoralist livelihoods. Among these animal health 
challenges, vector-borne diseases (VBDs) of cattle are a major concern with the endemic 
VBDs East Coast fever (ECF) and African animal trypanosomosis (AAT) constraining cattle 
production and causing substantial economic losses that impact pastoralist livelihoods. 
Current evidence suggests that climate change can have direct and indirect influence on the 
epidemiology of vector-borne diseases. However, little is known about the potential effect of 
climate change on the occurrence of livestock diseases as compared to human diseases. There 
is also insufficient current information on the management practices of ECF and AAT in 
pastoralist communities following the withdrawal of government-funded veterinary services, 
which has left animal health management primarily in the hands of livestock keepers 
themselves. To inform more effective and sustainable future management options for 
pastoralist communities in Tanzania under climate change experiences, it is essential that we 
better understand the epidemiology of and the current management practices for the two 
VBDs, ECF and AAT. This thesis provides baseline information that underscores the need 
for and informs future research to evaluate the interactions between climate change and cattle 
vector-borne diseases in Northern Tanzania. 
This research was conducted in 10 randomly selected villages of Monduli District in 
Northern Tanzania from 2014 to 2015. This district was selected because it is characterised 
by arid and semi-arid rangelands that have experienced increasing climate variability and 
change, with recurrent drought periods and unpredictable rainfall. Importantly, the district is 
a homeland to pastoralist communities who depend largely on livestock for their livelihood. 
Further, the district is known to experience relatively high levels of cattle VBDs, including 
ECF and AAT as per the National Animal Disease Surveillance Report 2000-2012. This 
research was undertaken to investigate the epidemiology of ECF and AAT and climate 
parameters among cattle in Maasai pastoralist communities. Specifically, the study explored 
pastoralists’ indigenous knowledge of the relationship between climate parameters and ECF 
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and AAT using participatory epidemiology approaches. Additionally, the study involved 
quantification of the seasonal prevalence of Theileria parva and trypanosome infection in 
cattle during the wet and dry seasons. Further, estimation of the prevalence of infestation with 
brown ear ticks (Rhipicephalus appendiculatus) and tsetse flies (Glossina spp.), respectively, 
was carried out. This study also established pastoralist knowledge, attitudes, and management 
practices for ECF and AAT, and assessed pastoralist knowledge of vector ecology and 
dynamics, and of vector relationship with climate parameters. 
Participatory epidemiology was used to collect data in gender-segregated groups (10 men 
groups and nine women groups) in the 10 study villages between November 2014 and March 
2015. ECF and AAT were ranked among the top five most important cattle diseases, with 
strong agreement across informant groups (Kendall’s W=0.40 for men and 0.45 for women; 
p<0.01). Matrix scoring for both men’s and women’s groups confirmed that Masaai easily 
recognise these diseases. All groups associated ECF with the wet and cool dry seasons. AAT 
was more variable throughout the year, with more cases reported in the long dry season. 
Likewise, pastoralists reported differences in seasonal occurrence of disease vectors (R. 
appendiculatus and Glossina spp.) by village. Comparing 2014 to 1984, participant groups 
consistently reported declines in rainfall, vegetation cover and quality pasture, as well as 
increases in severe droughts. Experiences with ECF/AAT and vector abundance between 
these time periods was more variable across villages and likely related to changes in climate 
and animal management practices over the last 30 years.  
For the quantification of T. parva infection, a cross-sectional study was carried out to 
estimate the prevalence of T. parva in wet and dry seasons, and to assess understanding of 
management practices associated with T. parva among pastoralists’ cattle. A total of 960 
cattle owned by 130 pastoralists were randomly selected from the ten study villages in each 
season and blood samples analysed for T. parva prevalence using a nested polymerase chain 
reaction (PCR). Seroprevalence for T. parva in the wet season was assessed using an enzyme-
linked-immunosorbent assay (ELISA). Information on relevant management practices was 
gathered using a standardised questionnaire. Multivariable logistic regression was used to 
evaluate the association between T. parva parasitaemia and animal, farm and village-level 
factors. The overall true prevalence of T. parva parasitaemia was 15.9% (95% CI=13-19%) 
and 31.6% (95% CI=28-36%) in wet and dry seasons, respectively. All cattle were 
seropositive. T. parva parasitaemia was significantly associated with age of the animal, 
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sampling season and study village. All 130 cattle owners interviewed (100%) reported that 
they could easily recognise ECF, and the vast majority (97.7%) identified swollen lymph 
nodes as the most prominent sign. At least 70% reported that they understood the 
involvement of R. appendiculatus in ECF transmission. The use of both commercial drugs 
and herbal medicines for ECF treatment was reported by 54.6% of cattle owners. Among 
commercial drugs reported, the most commonly used was Alamycin LA® 300 mg/mL 
(oxytetracycline dehydrates). Tick control by hand spraying was reported by the majority 
(90.8%) of cattle owners and less than half (45.4%) reported that they vaccinate their cattle. 
Infection status for the collected ticks from the sampled animals was 9.9% in the wet season. 
In this cross-sectional study, we also explored the seasonal movements of cattle, including 
cattle-wildlife interactions, and quantified cattle trypanosomosis infection and management 
practices reported by the participating pastoralists. An entomological survey was also 
undertaken in the cool dry season. Polymerase chain reaction (PCR-ITS1) was used for 
parasite identification in cattle whole blood and in tsetse flies. The overall apparent 
prevalence of trypanosomes in cattle was 5.8% (95% CI of 4.1-8.3) and 4.2% (95% CI of 2.7-
6.3) during wet and dry reasons, respectively. Trypanosoma vivax was the most common 
species identified in cattle. All tsetse flies (n=426) collected were trapped in Esilalei village, 
which is in close proximity to Lake Manyara National Park. Tsetse fly infection status was 
determined to be 7.0% (CI 95% of 4.9-9.8%); with nearly 50% of infections due to T. 
congolense. All 130 cattle owners reported that they could easily recognise AAT and the 
majority (75%) identified the most prominent clinical signs. Nearly all owners (98.5%) 
identified that tsetse flies were responsible for AAT transmission. All cattle owners (100%) 
reported the use of trypanocides for AAT treatment, while 2.3% reported that they also used 
herbal medicine. The trypanocides Novidium® and Berenil®, were the most frequently 
reported commercial drugs and were used by 42% of cattle owners. Vector control by hand 
spraying was reported by the majority (90.8%) of cattle owners, while dipping and 
deployment of insecticide-impregnated targets were reported by few cattle owners (16.2% 
and 5.4%, respectively). The majority of cattle owners (83.1%) reported that they move cattle 
away from home villages during the dry season, with many migrating to areas in close 
proximity to wildlife parks. 
This research was the first to explore the relationship between cattle vector-borne disease and 
climate parameters (temperature and rainfall) from the perspective of pastoralists in the study 
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area. Further, the findings generated on seasonal prevalence of T. parva and trypanosome 
infection will help to inform decision-making around VBDs control strategies currently and 
into the future, as predicted climatic changes progress in the region. This thesis confirms 
widespread T. parva infection and the presence of cattle infective trypanosomes in the study 
area, which continue to pose a threat for Maasai cattle. Furthermore, cattle movements during 
the dry season, especially close to wildlife interface areas, indicate a continuous transmission 
of T. parva and trypanosome infections. This thesis highlights the need for implementation of 
strategic vector-borne disease control regimes in pastoralist communities. Equally, this thesis 
recommends further research to assist in guiding improvement of control measures so as to 
achieve successful and sustainable management of ECF and AAT. In particular, further 
research should include longitudinal studies to provide a better understanding of the 
dynamics of infection for these diseases and possible drug and/or acaricide resistance. 
Notably, this study points to the importance of active surveillance of vector-borne diseases in 
the region, and improvement of ECF immunisation programs in terms of accessibility, 
affordability and efficacy, by involving all key players. 
This thesis explores cattle vector-borne occurrences, management practices and climate 
change experiences in pastoralists communities of Northern Tanzania. In Chapters 3, 4 and 5 
it is shown that pastoralists consider that climate parameters such as rainfall and temperature 
are important for both the occurrence of ECF and AAT, and the ecology of the competent 
vectors. Thus, it provides information on climate change experiences and cattle vector-borne 
diseases in pastoral communities. Furthermore, this thesis highlights the need for monitoring 
the impacts of climate change on cattle health. This includes the design and implementation 
of successful and sustainable climate-change adaptation programmes on vectors and vector-
borne diseases. For example, the adaptive strategies could involve development of effective 
and sustainable animal health services in pastoral communities with associated VBDs 
surveillance. The data gathered in this thesis provides vital information needed by all 
livestock stakeholders, including livestock policy makers and planners, government agencies, 
donors and animal health development partners, non-government organisations (NGOs) and 
pastoralists. It will help these stakeholders to collaborate, to review and to develop 
appropriate policy measures and institutional support for pastoralist communities as they 
manage the threat of climate change and variability on animal health. 
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CHAPTER ONE: INTRODUCTION 
 
 
Cattle are highly valued in Africa and in Tanzania particularly in 
pastoral communities; they play diverse roles in the livelihoods and 
economies of peoples and countries (Perry, 2016). 
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1.1 Background information  
In Africa, the livestock sector provides multiple benefits including animal sourced food, 
household income, employment, draught power and manure for crop farming, and 
importantly it contributes to national economic growth (Meltzer, 1995). In Tanzania 
specifically, the livestock sector contributes 5.9% to the National Gross Domestic Product 
(GDP) (MLDF, 2014). In terms of total cattle population the country is ranked third in Africa 
with an estimated 25 million cattle, of which 98% are indigenous breeds (MLDF, 2015a). 
 
Livestock production in Tanzania’s rangelands can be divided into three systems, namely 
pastoral, agro-pastoral and commercial ranching, of which the first two predominate. The 
pastoral economy is the basis of the livelihood of the majority of people in arid and semi-arid 
lands, who have whole or partial dependence on livestock keeping (termed pastoralists in this 
thesis). To these communities, livestock offer food security, income and social cultural value. 
Additionally, pastoralism continues to be the main source of beef production in Tanzania 
(Lupindu, 2007). However, livestock production in pastoral lands faces a number of 
challenges including animal disease, limited veterinary services, pasture and water scarcity, 
degrading and shrinking of rangelands, market risks and insecure communal lands (MLDF, 
2011). The challenges for pastoral cattle production are already considerable, and there is an 
increasing concern that climate change, particularly severe weather events, will further 
compound these challenges (Thornton et al., 2009; Thornton and Gerber, 2010).  
 
In pastoral systems, animal health challenges are one critical constraint on livestock 
production and pastoralists’ livelihood. Cattle diseases in pastoral systems of Tanzania have 
considerable socio-economic consequences, including amplification of poverty status 
(MLDF, 2011). Important cattle diseases that are frequently reported in pastoral systems 
include East Coast fever (ECF), African animal trypanosomosis (AAT), contagious bovine 
pleural pneumonia (CBPP), foot and mouth disease (FMD) and anthrax (Swai and Kaaya, 
2012; Chengula et al., 2013; Kazungu et al., 2015). Environmental changes including 
alterations in climate have been associated with disease transmission and increasing 
susceptibility to infectious diseases (Sutherst, 2004; Gustafson et al., 2015). Further, 
reduction of rangeland areas due to many factors including climate and demographic change 
leads to increased contact between livestock and wildlife as they struggle for scarce resources 
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(pasture and water). This contributes to disease transmission in pastoral communities, 
including vector-borne diseases (Mazet et al., 2009).   
 
The focus of this thesis is on two endemic vector-borne cattle diseases, namely ECF and 
AAT, in pastoralist communities of Monduli District in Northern Tanzania. Cattle vector-
borne diseases are among the most important and frequently reported diseases in pastoralist 
communities of East Africa including Tanzania (Gachohi et al., 2010; Byaruhanga et al., 
2015; Haji et al., 2015; Laisser et al., 2017). For example, there are considerable estimated 
annual aggregate direct economic losses and costs attributed to tick-borne diseases (TBDs) 
such as babesiosis, anaplasmosis, heartwater and ECF. The costs were analysed in three 
production systems (commercial dairy, pastoral, agro-pastoral). A total annual national loss 
attributed to tick-borne diseases was estimated to be 864 billion Tanzanian shillings 
(equivalent to 364 million USD), with ECF accounting for a higher proportion (68%) than 
other TBDs (Kivaria, 2006). This analysis by Kivaria (2006) had several limitations that 
relate to missing and incorrect animal health information, especially for the indigenous cattle 
population (Kivaria and Kapaga, 2002), thus this analysis needs to be interpreted with 
caution. Despite the limitations of this study, the analysis indicates that TBDs impose 
substantial economic losses on cattle production and resource use in Tanzania.  
 
East Coast Fever is a protozoal disease transmitted by Rhipicephalus appendiculatus, and is 
reportedly responsible for over 43% of cattle deaths reported annually (Mtei and Msami, 
1996). Deaths due to ECF occur mainly in young calves with up to 80% of deaths attributed 
to ECF occurring in calves below 6 months of age (Thumbi et al., 2014). The disease causes 
huge economic losses through costs associated with livestock mortality and morbidity, and 
with investments in control of the disease. Mortality rates for ECF may reach up to 100% for 
naïve (exotic breed) herds and 40-80% for herds with indigenous unvaccinated calves 
(Homewood et al., 2006). Importantly, the disease is amongst the factors that limit 
introduction of improved cattle breeds due to their high susceptibility to ECF (Barnett, 1957; 
Laisser et al., 2017). In addition, ECF is reported to experience endemic stability in some 
agro-ecological zones and production systems, especially where there is repeated contact 
between cattle and the parasite (T. parva) (Kivaria, 2012). Endemic stability is characterised 
by low prevalence of clinical disease along with seroprevalence of antibodies for Theileria 
parva that can be high (>70%) (Kivaria, 2004). Clear studies to confirm ECF endemic 
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stability in Tanzania are limited. However, some studies have reported the possible 
development of endemic stability for ECF in Northern Tanzania (Kazungu et al., 2015).  
 
Similarly, African animal trypanosomosis, a protozoal disease transmitted by tsetse flies 
throughout the tsetse belt of Africa, continues to cause widespread socio-economic impacts 
and ranks top among cattle diseases in Tanzania (Mugittu et al., 2001; Chengula et al., 2013). 
Cattle trypanosomosis remains a threat to the livestock industry despite long-term control 
efforts (Ngumbi and Silayo, 2017; Magwisha et al., 2011). It results in production losses due 
to reduced meat and milk production, and in increasing costs of treatment and control that 
impose an annual economic burden on farmers (Nonga and Kambarage, 2009; Alonso et al., 
2016). Further, the continuous use of chemotherapy is reported to have contributed to 
development of trypanocidal drug resistance elsewhere (Meyer et al., 2016).  
 
This thesis also examines the climate change experiences of pastoralists in Northern 
Tanzania. Scarcity of grazing pasture and water is becoming an increasing problem in 
pastoral lands (Sangeda and Malole, 2014; Maleko and Koipapi, 2015; Joseph and 
Kaswamila, 2017). Global climate change and variability has direct and indirect impacts on 
livestock production, and changes in climatic conditions can create favourable conditions for 
transmission and distribution of vector-borne diseases in particular (Baylis and Githeko, 
2006; Gage et al., 2008; Van Den Bossche and Coetzer, 2008; Gale et al., 2010; Rojas-
Downing et al., 2015). 
  
1.2 Statement of research problem  
The vector-borne diseases, ECF and AAT, continue to adversely impact cattle production and 
pastoralist livelihoods in Tanzania (Kazungu et al., 2015; Ngumbi and Silayo, 2017). There is 
a substantial need to better understand the epidemiology of these diseases, in order to 
improve disease management and prevent current losses. Concern is growing about the 
influence of climate change on the occurrence and distribution of vectors and vector-borne 
disease. Alterations of climate parameters such as temperature, rainfall, relative humidity and 
soil moisture may change the context within which pathogens, vectors and their hosts interact 
(Patz et al., 1996; Lafferty, 2009; Mills et al., 2010). These changes have direct and indirect 
effects on infectious disease occurrence and distribution for animals and people. There is 
limited research on the interrelationship of climate change and animal diseases due to a lack 
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of reliable long-term climate and disease data (Bett et al., 2017). In particular, 
epidemiological studies on climate change-livestock disease relationships are limited, 
especially in Africa (Van Den Bossche and Coetzer, 2008; Thornton et al., 2009; Thornton 
and Gerber, 2010). Climate models are needed to predict the effect of climate change on 
livestock disease transmission and risks in pastoral communities. However, limited resources 
in Tanzania make it difficult to gather the information needed to achieve this work. In the 
meantime, pastoralist communities are experiencing and responding to increasing climatic 
changes that are impacting their livelihoods and cattle management. Little is documented 
about the pastoralists’ perception and observations of the relationships between climate 
parameters and ECF and AAT. In order for appropriate control strategies to be implemented 
by these communities, consideration of their situation is needed. 
 
1.3 Aim of the thesis  
The broad aim of this study is to produce baseline information that will help design future 
detailed studies on the climate change-animal disease relationship/interactions in Northern 
Tanzania. This thesis explores cattle vector-borne disease occurrence and management 
practices and climate change experiences in pastoralist communities of Northern Tanzania. In 
particular, this research aims to investigate the level of indigenous knowledge held by Maasai 
pastoralists relating to the occurrence of ECF and AAT and climate parameters, since cattle 
keeping is vital. Further, this research aims to quantify the seasonal occurrence of ECF and 
AAT, in order to inform better control strategies currently and in the future, and to generate 
reliable data on ECF and AAT occurrence, which is needed for future research on climate 
change–animal disease relationships. Furthermore, the intention is to improve upon the 
outdated epidemiological information on ECF and AAT in Monduli District, Northern 
Tanzania by using contemporary, sensitive and specific molecular techniques.  
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1.3.1 Specific Objectives  
The major objective was to investigate the epidemiology of ECF and AAT and climate 
change experiences among cattle in Maasai pastoralists communities of Monduli District, 
Northern Tanzania, specifically: 
i. To explore pastoralist indigenous knowledge of the relationship between climate   
parameters (temperature and rainfall) and ECF and AAT using participatory 
epidemiology approaches  
ii. To estimate the prevalence of ECF and trypanosome infection in cattle in wet and dry 
seasons  
iii. To estimate the infection prevalence of brown ear ticks (R. appendiculatus) and tsetse 
flies (Glossina spp.) 
iv. To establish pastoralist knowledge, attitudes and management practices for ECF and 
AAT, and assess pastoralist knowledge on vector ecology and dynamics, and on 
vector relationship with climate parameters. 
 
1.4 Brief description of the methodology for this research 
To address the research questions outlined in this introduction, this study applied a mixed-
method approach that draws on participatory epidemiology (PE), semi-quantitative interviews 
and structured quantitative surveys. We applied participatory epidemiology methods to 
investigate the level of indigenous knowledge held by Maasai pastoralists (PE participants) 
relating to the occurrence of cattle vector-borne diseases and climate parameters. 
Participatory epidemiology is an emerging field that involves communities in defining and 
prioritising veterinary-related problems (Catley et al., 2012). Blood samples were collected 
from cattle in the wet and dry seasons using a cross-sectional study design. Structured 
questionnaires were also administered to cattle owners (different participants to PE) to assess 
their current knowledge, attitudes and management practices for the two diseases (ECF and 
AAT). To gain an understanding of the competent vector infestations in the study area, we 
also carried out an entomological survey for R. appendiculatus (collection of competent ticks 
for ECF on cattle during the wet season) and tsetse fly for AAT (Glossina spp.) (using 
specific biconical traps during the cool dry season). Figure 1.1 outlines the research process 
and methods applied in this research. Detailed explanations of the methods are included in 
the literature review and/or in the chapters reporting completed research activities.  
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Figure 1.1 Research process and methods applied for this PhD 
 Research Preparation 
 Ethics application 
 Research design preparation 
 Work plan 
 
 
 Project introduction at Monduli District 
 Collaborate with the Monduli council 
initial research process 
 
Selection of ten study villages 
 Project introduction in ten study villages 
 Coordinate with village leaders to select PE 
participants  
 PE training (Facilitator and research 
assistants) 
 Conduct participatory epidemiology 
 
 Coordinate with village leaders to obtain list 
of cattle owners 
  Selection of cattle owners 
 Pilot study for questionnaire 
 Cross-sectional survey 
 Blood sample collection in wet 
season 
 Entomological surveys 
 Cattle owners’ questionnaire 
 Cross-sectional survey  
 Cattle blood sample 
collection in dry season 
Qualitative Methods - not included in this work 
 Focus Group Discussion 
 Key Informant Interviews 
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1.4.1 The study area 
This research was conducted in the Maasai communities of Monduli District, Northern Tanzania. 
The district is one of the five districts of Arusha region, located in the north-eastern part of 
Tanzania (Figure 1.2). The district is located between latitudes 3.00’ and 4.50’ south of the 
Equator and longitudes 36.50’ to 36.45’ east of Greenwich Meridian. It is part of the Maasai 
Steppe ecosystem, which includes the Tarangire and Manyara Ecosystem (TME). The TME is 
one of the richest remaining refuges of wildlife in East Africa that encompasses seasonal 
migratory routes of wildlife (Kaswamila, 2009). Monduli District is a semi-arid savannah land 
that experiences a bimodal rainfall pattern. It has an average annual rainfall range between 500 
and 600 mm in the lowland and 1200 mm in the highland area. The mean monthly maximum 
temperature is 25−28 ºC (Kaswamila, 2009). The 2012 census indicates that the district had a 
human population of 158,928, with an average of 4.3 people per household  (NBS, 2013; URT, 
2016). The district is occupied mostly by the Maasai ethnic group and livestock keeping is the 
predominant economic activity, with agro-pastoralism (livestock keeping and crop production) 
practised in sub-humid areas.  
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Figure 1.2 Map of Tanzania showing a study area in Monduli District, Northern Tanzania. 
Source: Created in Qgis 12.4 
 
1.5 Structure of the thesis 
This thesis comprises a literature review (Chapter 2), three published manuscripts (Chapters 3, 4 
and 5), and a general discussion (Chapter 6). The thesis also contains appendices that include 
research ethics approvals, supplementary materials and three publications that correspond to 
Chapters 3, 4 and 5.  
 
The literature review is divided into five sections: (1) Tanzania and Maasai pastoralists; (2) 
epidemiology of East Coast fever in Tanzania; (3) epidemiology of AAT in Tanzania; (4) climate 
change and livestock diseases and (5) participatory epidemiology and triangulation. 
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Chapter 3 reports the results of the investigation of indigenous knowledge, experiences and 
observations regarding the association between ECF and AAT and climate parameters using 
participatory epidemiology techniques.  
 
Chapter 4 reports on the estimation of T. parva prevalence in cattle in the wet and dry seasons 
using a molecular technique. It also investigates risk factors for T. parva infections in cattle, 
infection rates for the competent vector (R. appendiculatus), and pastoralist knowledge of and 
management practices against ECF. This work expands upon the earlier investigations referenced 
in Chapter 3 by using field and laboratory investigation of T. parva infection in contrasting 
seasons.  
 
Chapter 5 reports on the occurrence of trypanosome infection in cattle during the wet and dry 
seasons using molecular techniques, as well as investigating trypanosome infection in tsetse flies. 
In addition, this chapter describes cattle owner knowledge, attitudes and management practices 
for AAT including cattle seasonal movements and cattle-wildlife interactions in relation to 
trypanosome infections in the study area. 
 
Data collection was carried out on different groups of selected participants. In Chapter 3 on PE 
activities, the group of participants involved were men and women of at least 45 years of age 
(that is, old enough to have been involved in community life 30 years ago and therefore able to 
recall animal disease and climate events from that time). For Chapters 4 and 5, individual cattle 
owners were targeted to better understand the knowledge, attitude and management practices for 
ECF and AAT. The individual cattle owner participants were mostly men, as it is men in Maasai 
culture who are responsible for managing livestock and making decisions about the movement of 
livestock and overall livestock care. 
 
The thesis concludes with a general discussion of the findings, recommendations for future 
research and overall conclusions. An outline of the entire structure of the thesis and a brief 
description of the contents of each chapter is provided in Figure 1.3 
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Figure 1.3 Diagram outlining the structure of the thesis 
CHAPTER 1 
Introduction and rationale 
Thesis aim and structure 
PRELIMINARY REMARKS AND 
THESIS CONTENTS 
CHAPTER 2 
LITERATURE REVIEW 
Section 2.1: Tanzania and Maasai pastoralists 
Section 2.2: East Coast fever 
Section 2.3: Animal African Trypanosomosis  
Section 2.4: Climate change and livestock diseases  
Section 2.5: Participatory epidemiology and 
triangulation 
 
CHAPTER 3 
Published Research paper 1 
CHAPTER 4 
Published Research paper 2 
 
CHAPTER 5 
Research paper under review paper 3 
 
CHAPTER 6 
General discussion, future directions and 
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CHAPTER TWO: LITERATURE REVIEW 
 
2.1 Tanzania Maasai pastoralists  
2.1.1 Geography 
Tanzania is located on the eastern coast of Africa, south of the equator between latitudes 1° 00’ S 
and 11° 48’ S, and longitudes 29° 30’ E and 39° 45’ (Figure 2.2). The country is bordered by 
eight countries to the north, west and south, and the Indian Ocean on the east. The country’s 
topography is characterised by plains along the coast, a central plateau, and highlands in the 
northern and southern areas. The northwest border is formed by Lake Victoria, which is the 
second largest body of fresh water in the world. Lake Tanganyika and Lake Nyasa lie on the 
west and south-west borders. The country’s elevation ranges from sea level up to the highest 
point in Africa, namely the glaciated peak of Mount Kilimanjaro at 5896 m. Tanzania has a 
number of national wildlife parks including the largest, Serengeti National Park, which is a site 
of major terrestrial mammalian migrations and prominent tourist attractions (URT, 2007). 
 
2.1.2 Climate  
The climate across Tanzania varies with geographical location, altitude and level of vegetation 
cover. It is tropical along the coast to cool and temperate, particularly in the highlands in the 
northern and southern parts of Tanzania. 
 
2.1.2.1 Temperature and rainfall pattern 
Temperature in Tanzania differs across the country. In the coastal regions temperature ranges 
between 27 °C and 30 °C, while in central, northern and western parts of the country, the range is 
20 °C to 30 °C, and higher between November and February (25−31 °C), with the coolest period 
between May and August (15−20 °C). Conversely, in mountainous areas and plateaus, the 
temperature occasionally drops below 15 °C at night during the months of June and July. In 
some parts of the southern highlands, the temperature can reach as low as 0−6 °C. Temperature 
variations have a significant impact on the agro-ecological zones and in the agriculture sector as 
a whole (URT, 2007). The dry seasons, characterised by higher temperatures and low or nil 
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rainfall occur in two phases, i.e. long dry season from August to October and short dry spell from 
January to February.  
 
Across the country rainfall ranges from less than 400 mm to over 2,500 mm per annum. 
However, 75% of the country experiences unpredictable rainfall and only 21% has a 90% 
probability of more than 750 mm of annual rainfall. Therefore, crops and livestock production 
remain vulnerable to climatic variability. Tanzania’s rainfall pattern is divided into two types, 
namely bimodal and unimodal. The bimodal type occurs in the north and east side of the country 
with ‘long’ rains or ‘Masika’ in March to May, whereas the November to December rains are 
generally known as short rains or ‘Vuli’ (Mwandosya et al., 1998; URT, 2007). The unimodal 
rainfall pattern occurs in the southern, western and central parts of the country with only one wet 
season, in October through to April or May (URT, 2007). 
 
2.1.2.2. Recent and projected climate trends in Tanzania 
Drought is defined as a period of abnormally dry weather long enough to cause serious 
hydrological imbalance in a given region. Drought results in prolonged shortages in the water 
supply, whether atmospheric, surface water or ground water. A drought can last for months or 
years, or may be declared after as few as 15 days (IPCC, 2012). Drought is measured using 
various indices such as standardised precipitation index (SPI), Palmer drought severity index 
(PDSI), and Bhalme–Mooley index (BMI) (Ntale and Gan, 2003). Of these, SPI is indicated to 
be more suitable for monitoring droughts in East Africa (Ntale and Gan, 2003), because it is 
easily adapted to the local climate and easy to interpret, has modest data requirements, and is 
able to produce more consistent spectral patterns across East Africa than other indexes. The SPI, 
developed by McKee et al., (1993), is calculated as the number of standard deviations that the 
observed cumulative rainfall at a given time scale deviates from the long-term mean. As a single 
numeric value, the SPI can be compared across regions with markedly different climates. Since 
the cumulative precipitation may not be typically distributed, with this index the data can be 
transformed approximately to the normal domain to standardise the drought index (McKee et 
al.,1993).  
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Tanzania is reported to already be experiencing climatic changes, with increasing episodes of 
droughts and floods (Shemsanga et al., 2017; Sangeda and Malole, 2014). For instance, the 
central and northern parts of Tanzania have been reported to have experienced frequent droughts 
in recent years (1997, 2009, 2011, 2014) (Galvin et al 2001; Kangalawe and Lyimo, 2013; 
Goldman and Riosmena, 2013; Maleko and Koipapi, 2015). Nonetheless, a recent study by 
Changá et al. (2017) which analysed extreme indices for rainfall and temperature from 1961 to 
2015 indicated a non-statistically significant decreasing rainfall trend over large parts of the 
country. The latter study used climate data collected from weather stations across Tanzania, the 
majority of which are located in cities. Notably, the study did not include data from Monduli 
District.  
 
Figure 2.1 shows meteorological data for annual variations in precipitation for Monduli District 
(1984-2014), with frequent troughs depicting years of low rainfall and a general, albeit non-
significant decline in precipitation over the thirty-year period. The SPI is also shown and 
indicates increasingly long periods of moderate, dry weather (-1.29≤ SPI<-0.80) from 2007 
onwards. It should be noted that the only weather station in this district (Monduli town) is 
located up to 100 km from the villages under study in this thesis. Therefore, it is likely that these 
data are not an accurate reflection of conditions in the villages under study in this thesis. 
 
Climate change models for Africa predict increases in warming across the continent, and 
increasing frequency and intensity of extreme weather events such as droughts (Hulme et al., 
2001). Recent models of climate change in Tanzania have suggested that mean annual 
temperatures and average daily temperatures will rise by between 2 and 4 °C by 2075 as a direct 
consequence of climate change (URT, 2003; Shemsanga et al., 2010). These projections were 
derived using a number of Global Climatic Models (GCM) for Africa (Hulme et al., 2001). 
However, changes in rainfall are projected with less certainty, due to major discrepancies that 
exist across climate models (Laprise et al., 2013). Hulme et al. (2001) analysed future climate 
change models for temperature and rainfall for Africa (2000-2100). A number of fundamental 
limitations  for the climate models were pointed out, specifically (1) the problem of ‘natural’ 
precipitations variability e.g. inter-annual, inter-decadal and multi-decadal climate variability, (2) 
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the inability of climate model predictions to account for the influence of land cover changes, 
dusts and biomass aerosols on future climate, and (3) the relatively poor representation in many 
models of some aspects of climate variability that are important for Africa (e.g. ENSO).  
 
It is reported that the climate change models for Tanzania predict annual rainfall increasing by 
10% overall (Mwandosya et al., 1998). Further, Hulme et al. (2001) also reports on a range of 
climate futures for Africa, and the analysis indicates East Africa to have some evidence of long-
term wetting (soil holding water). The timing of rains and seasonal variations projected are less 
definite. It is reported that areas that normally experience bimodal rainfall patterns such as north-
east and north-west parts of Tanzania, are predicted to experience increases in rainfall of 5% to 
45% whilst those areas with only one rainy season are likely to experience decreases in rainfall 
of 5−15% (URT, 2007). 
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Figure 2.1 Total annual precipitation and SPI for Monduli District, Northern Tanzania 
(1984-2014). Linear trend for rainfall is shown as a blue dashed line. SPI reflects the 
number of standard deviations from the long-term trend, with blue, white and orange 
reflecting moist, near normal, and dry periods, respectively. Drought periods are 
represented by relatively high negative deviations (SPI≤1.0). Data: (Tanzania 
Meteorological Agency, 2015). Credit: Figure generated using spi package in R version 
3.1.3 (R Foundation, Vienna, Austria), by Siobhan Mor. 
2.1.3. Economy  
Tanzania’s economy is heavily reliant on rain-fed agriculture production, with the agricultural 
sector contributing 25% of the National Gross Domestic Product (GDP), and up to 24% to export 
earnings. Approximately 86% of the population earn their livelihood through smallholder 
agriculture (URT, 2007; Matthew et al., 2016). Agricultural activities predominantly comprise 
crop farming and livestock keeping, which form the foundation of rural subsistence and informal 
economies for the majority of the population (URT, 2007; Cavero and Galián, 2008). The crop-
livestock system, due to its dependence on natural resources, has been ranked top among the 
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most vulnerable sectors of the economy regarding potential impact by climate change and 
variability (Shemsanga et al., 2010). If adaptive measures are not taken into considerations this 
would seriously affect the economy of Tanzania (URT, 2007).  
 
2.1.4 Cattle production and vector-borne diseases in Tanzania 
Tanzania has the third highest cattle population in sub-Saharan Africa, estimated at 23 million 
cattle (MLDF, 2015a; Matthew et al., 2016). Cattle keeping systems comprise pastoralism, agro-
pastoralism and smallholder dairy cattle. The dominant pastoral and agro-pastoral systems are 
characterised by extensive grazing of cattle of mostly indigenous breed (MLDF, 2011). The 
smallholder dairy sector is concentrated in urban and peri-urban areas with improved breeds of 
cattle raised, including Friesian, Jersey, Ayrshire and their crosses with local zebu (Gillah et al., 
2012 ). 
 
Cattle production in Tanzania has multiple benefits including food security and a source of 
income that provides a livelihood (MLDF, 2014). However, the full potential of cattle production 
is limited due to the presence of cattle diseases, among other constraints. Vector-borne diseases 
contribute to about 75% of cattle mortalities and morbidities in Tanzania (Nonga and 
Kambarage, 2009). For instance, tick-borne diseases (TBDs) such as East Coast fever (ECF), 
babesiosis, anaplasmosis and heartwater contribute to more than 70% of all cattle deaths, and 
losses of more than 72 billion Tanzanian shillings annually (equivalent to 32 million USD) 
(MLDF, 2011). The incidence of tick-borne diseases and resulting economic losses vary widely 
within the country. This is because of differences between agro-ecological zones, cattle 
production systems, cattle breeds and the socio-economic status of farmer groups in relation to 
control measures (Kivaria, 2006). ECF and AAT are the most important cattle diseases as they 
are associated with great mortality and economic burden on farmers every year (Norval et al., 
1992; Kivaria, 2006; Alonso et al., 2016).  
 
To reduce the burden of cattle vector-borne diseases, the Ministry of Livestock Development has 
made substantial investment in the construction of dips and provision of subsidised acaricides 
(MLDF, 2011). However, a report on animal health delivery challenges in Tanzania (Matthew et 
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al., 2016) indicated that there is insufficient and dysfunctional infrastructure for disease control 
including a lack of functional dips and a shortage of livestock officers. In the case of ECF 
vaccine, the government has been working in collaboration with authorised private veterinary 
practitioners to coordinate supply and delivery of ECF vaccine for about ten years. Nonetheless, 
there remain numerous issues in accessibility and efficacy of the vaccine (Perry, 2016).   
2.1.5 Maasai pastoralists in Tanzania  
Pastoralism is generally used to refer to a branch of agricultural activities that depends 
exclusively on livestock production, with little or no integration of crop farming activities 
(Fratkin, 2001).  Pastoralists are nomadic, with a well-organised social structure. However, in 
recent times pastoralists are becoming more semi-nomadic due to numerous factors that 
constrain their mobility. Hierarchy and roles in these communities are determined by age group 
(Fratkin, 2001).  
 
The Maasai are an ethnic group originally residing in the arid and semi-arid agro-ecological 
zones of northern Tanzania, and in the southern part of Kenya. Maasai pastoralists depend on the 
environment, and their movements are determined by weather patterns and climatic variation 
(TNRF, 2011). In recent times some Maasai communities have migrated to other regions of 
Tanzania e.g. Mvomero-Morogoro, Kilindi-Tanga and Southern highlands. The increases in 
pastoralists’ movements are attributed to the search for natural pastures and water for livestock, 
climate change and an increase of both human and livestock populations (Mwambene et al., 
2014; Maleko and Koipapi, 2015). The current population for the Maasai in Tanzania is 
estimated to be about 2 million (NBS, 2013). It is believed that they arrived in East Africa from 
Sudan between 17th and the late 18th century when exploring for better cattle grazing pastures 
(Kuper and Riemer, 2013). Although arid and semi-arid lands are not suitable for crop 
production, keeping livestock has enabled communities to thrive relatively well in this ecosystem 
(Fratkin, 2001; Kuper and Riemer, 2013).  
 
Livestock keeping is the central livelihood strategy for the Maasai pastoralists and it provides 
milk, meat, raw blood for drinking, fat, hides, and income; the animals kept include cattle, sheep, 
goats and donkeys. Livestock play a triple role in Maasai communities - that is for subsistence, 
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and serving as a store of wealth and a source of cash income. Further, traditionally Maasai keep 
cattle for milk, meat and blood consumption and food security. Live livestock sales are also a 
vital activity and the money obtained is used to buy cereals for human consumption and other 
cash expenditures including household utensils, school fees, hospitalisation and veterinary drugs 
(Smith, 1999). A recent study in pastoralist communities revealed that local markets for livestock 
and livestock products are declining due to the impacts of increasing climate change and 
variability (Theodory and Malipula, 2014). Further, pastoralists indicated that selling these 
products at a good price has been challenging, especially in the dry season (Theodory and 
Malipula, 2014). While Maasai have been able to cope with the impact of climate variability 
very well in the past, their strategies, based on centuries of exposure to extreme events such as 
droughts and floods, have been stated to no longer be working (Galvin, 1992; Galvin et al., 
1994). 
 
Apart from climate change, other pressures are increasingly impacting pastoralist practices. 
These include demographic pressure, political and socio-economical changes, as well as land 
tenure and land-use changes that have squeezed pastoral livestock onto land areas that are too 
small to be sustainable for pastoral production (Galvin, 1992; Goldman and Riosmena, 2013). 
This has led to an untenable situation where pastoralists can no longer depend on their livestock 
as the sole livelihood strategy (Galvin et al., 2001). Changes like land tenure from communal to 
private ownership contribute to loss of communal land holding, which has caused conflicts 
between pastoralists and investors in recent times (McCabe et al., 2010; Mwambene et al, 2014). 
Additionally, the increasing Maasai human population and greater frequency of drought, have 
also contributed to negative economic impacts in pastoral communities (Galvin et al., 2004). As 
a result, pastoralists are trying to diversify their livelihood from strict pastoralism to engaging in 
small subsistence crop production as well (agro-pastoralism) (McCabe et al., 2010). Others 
subsist on off-farm livestock activities such as petty trade and salaried income while a proportion 
of young Maasai migrate to urban areas to seek employment. For example, in Ngorongoro 
District about 1,250 Maasai youth (out of ~200,000) work in Ngorongoro luxury hotels and 
lodges (Slootweg, 2017). Furthermore, a study in Monduli District shows that about 7.8% of 
youth aged 19-30 years have left their villages and went to town to be employed in other casual 
jobs, despite this practice being against their embedded Maasai cultural values (Theodory and 
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Malipula, 2014).  
 
 
   
Figure 2.2 Maasai cattle at the homestead area.  
Source: Photo taken by E. Kimaro during cattle survey in the wet season − 2015 
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2.1.5.1 Maasai cattle management  
The Maasai are guided by a myth that all cattle are theirs, given to them by God, and therefore 
no other tribe owns cattle (Fratkin, 2001). This confirms the importance of cattle to the Maasai 
people. Maasai also have a tendency of splitting their herds and distributing them to relatives and 
friends to reduce the risk of contagious disease outbreaks and the impact of drought (Joseph and 
Kaswamila, 2017). In the wet season (March to May), Maasai mostly graze their cattle within 
their home villages as pastures are green and plentiful, and the cattle are grazed during the day 
then brought back to the ‘boma’ at night for security and protection (Fig 2.1). During this season 
cattle may spend seven to eight hours per day grazing over an area of 1−4 km (Maleko and 
Koipapi, 2015). In contrast, during the dry season (August to November), grazing pasture 
becomes inadequate and most of the water bodies in the community dry up. Consequently, 
Maasai relocate their animals to neighbouring districts such as Simanjiro and Kiteto, where 
pasture is thought to be available. These locations may range about 200−400 km away from 
home villages. During this time livestock may spend 10−12 hours per day grazing over a 
distance of 8−14 km, and spend a minimum of three hours and up to 11 hours walking to and 
from watering points (versus an average of half an hour during the wet season) (Maleko and 
Koipapi, 2015). Young animals (calves less than one year), lactating cows, plus weak and sick 
animals are left to graze around homesteads during the dry season. 
 
Maleko and Koipapi (2015) reported the challenges that Maasai pastoralists face during the dry 
season in Northern Tanzania, the major difficulty being scarcity of good pasture and water. In 
this report, it was found that the major driver for pasture problems in pastoral communities is 
prolonged droughts and high stocking rates. Importantly, during the dry season, because of the 
scarce natural forages, sharing of grazing lands between livestock and wildlife occurs. The 
formation of conservational land in areas occupied by Maasai also encourages sharing of the 
grazing lands. Consequently, interactions between livestock and wildlife are common, especially 
where grazing is close to the wildlife national parks. The importance of wildlife-livestock 
interaction with respect to disease transmission is discussed further below, in relation to the 
epidemiology of ECF and AAT. 
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2.2 East Coast fever 
2.2.1 The parasite (Theileria parva)  
Theileria parva is a protozoan parasite, first recognised by Sir Arnold Theiler in the early 1900s 
in South Africa (Theiler, 1912; Nene et al., 2016). The parasite belongs to the kingdom Protista, 
subkingdom protozoa, phylum Apicomplexa, class Sporozoa, subclass Piroplasma, order 
Piroplasmida, family Theileriidae and genus Theileria. The phylum Apicomplexa is divided into 
four main groups: coccidian, gregarinasina, haemospororida and piroplasmorida (Abdela and 
Bekele, 2016). The piroplasmorida comprises two main genera, Theileria and Babesia. These are 
phylogenetically closely related and are responsible for economically important cattle tick-borne 
diseases that occur worldwide (Nene et al., 2016). T. parva is a round, ovoid, rod-like or 
irregular shaped organism found in lymphocytes, histiocytes and erythrocytes (Nene et al., 
2016). The disease is most prevalent in eastern, central and southern Africa, affecting many 
countries including Tanzania, Kenya, Uganda, Burundi, Rwanda, Republic of South Sudan, 
Democratic Republic of Congo, Mozambique, Zambia, Zimbabwe, South Africa and Botswana, 
and recently reported in the Comoro islands (Stoltsz, 1989; Norval et al., 1991; Gachohi et al., 
2012).  The parasite infects cattle and wild ruminants such as African buffalo, impala, antelopes 
and kudus (Pienaar et al., 2011). Based on clinical signs and epidemiological parameters 
observed in some countries of South Africa the disease is usually recognised in three forms. The 
classical East Coast fever is endemic in Eastern Africa and probably originated from the buffalo 
population, becoming adapted to cattle following their dissemination and transmission in the 
region (Norval et al., 1991). Another form is corridor disease, which is caused by infection with 
buffalo-derived T. parva strains and transmitted by ticks from African buffalos; this disease is 
more recognised in South Africa (Stoltsz, 1989). The last form is Zimbabwe theileriosis or 
January disease. This is an endemic disease in Zimbabwe, frequently acute and fatal, and also 
caused by T. parva infection (Lawrence et al., 2005). Other Theileria species that infect domestic 
animals are T. annulata, T. taurotragi, T. mutans, T. velifera and T. orientalis/buffeli complex 
(OIE, 2014). T. annulata causes tropical theileriosis, which is prevalent in the northern 
hemisphere, extending from northern Africa and southern Europe through the Middle East to 
Asia. The T. orientalis group of parasites has a wide global distribution, and in recent years T. 
orientalis/buffeli has been reported to cause significant cattle morbidity and mortality in 
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Australia and New Zealand (OIE, 2014; Bogema et al., 2015; Nene et al., 2016). T. taurotragi 
occurs in Africa, infects ruminants and can cause a milder, non-pathogenic theileriosis, namely 
bovine cerebral theileriosis (Catalano et al., 2015). None of these parasites infect humans and 
therefore they are not a concern for public health (Geysen et al., 1999). 
 
2.2.2 Life cycle of Theileria parva   
T. parva undergoes a series of sequential developmental changes in the tick vector host and the 
bovine host (Fawcett et al., 1982; Nene et al., 2016). The life cycle of T. parva is presented 
schematically in Fig. 2.3. During feeding on infected cattle, the tick ingests piroplasm-infected 
erythrocytes, which give rise to gametes in the tick gut. Following fusion of macro- and micro-
gametes, a zygote is formed that enters epithelial cells of the tick gut. There it develops into 
motile uni-nucleate kinetes, which then migrate and invade the epithelial cells of the tick salivary 
gland and develop into sporozoites (Gonder, 1910). Thousands of rounded shaped sporozoites 
develop into infected acini in the salivary glands. They are then released during tick feeding into 
the bovine host (OIE, 2014). The sporozoites invade host lymphocytes and form multinucleated 
schizonts (Norval et al., 1992; Nene et al., 2016). The exponential proliferation of sporozoites 
results in the distribution of schizont-infected cells in the lymphoid system of the cattle (Norval 
et al., 1992; Gonder, 1910) as well as metastases to non-lymphoid tissues. The schizont-infected 
cells undergo further differentiation (merogony) to develop merozoites, and the merozoites 
invade erythrocytes and develop into piroplasms. Finally, the infected red cells are ingested by 
ticks when they feed on cattle (Fawcett et al., 1982).   
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Figure 2.3 Life-cycle of Theileria parva  
Source: The image was adapted from (Fawcett et al., 1982; Nene et al., 2016)  
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2.2.3 Pathogenesis and clinical signs of East Coast fever 
The schizonts inside the host divide in synchrony with the host cell. This process is associated 
w i t h  a  state of uncontrolled proliferation, resulting in each daughter cell inheriting the 
infection (Fawcett et al., 1981). This phase of parasitic and host cell division i s  associated 
with the severity of infection, and clinical signs are seen at this point (Conrad et al., 1986). Some 
pro-inflammatory cytokines have been found to be up-regulated during the acute phase of  
the  T. parva infection when the parasite proliferates, and these are thought to contribute to 
severity of clinical signs (Yamada et al., 2009). The incubation period is approximately 15 days 
from the time of attachment of the infected tick, but it may range from eight to 25 days (Purnell, 
1977). The disease may last for three to four days, characterised by lymphoproliferative disease 
in the acute form, or may extend for about 20 days. The main clinical signs are enlargement of 
the lymph nodes, high fever (40−42 °C), dyspnoea, diarrhoea, lacrimation, corneal opacity and 
nasal discharge (OIE, 2014). Cattle death is usually due to pulmonary oedema at the terminal 
stage (Norval et al., 1992). Histologically, the acute form is associated with the presence of 
multinucleated intracytoplasmic and free schizonts in lymph node biopsy smears (OIE, 2014). 
ECF may also develop into a fatal condition referred to as ‘turning sickness’. Neurological 
symptoms are caused by blockage of the capillaries of the central nervous system by infected 
cells, resulting in spinning in one direction until dizzy (Gul et al., 2015). For longer-standing 
cases, the lymphoid tissues become enlarged in the initial stages of the disease but then atrophy 
if the animal survives into the chronic stages (OIE, 2014). Cattle develop anorexia, which leads 
to loss of body condition and reduced milk yield, and paralysis is sometimes reported (Morrison, 
2015). Histologically, long-standing cases show foci of lymphocytic infiltrations in kidneys that 
appear as white infarcts in animals that have recovered. Occasional relapses may occur (OIE, 
2014).  
 
2.2.4. The vector (Rhipicephalus appendiculatus) 
Rhipicephalus appendiculatus is a ‘hard’ tick (ixodid), brown in colour, and the adult ticks are 
usually found in the ears of the host animal, hence it is commonly named the brown ear tick 
(Norval et al., 1992). While this tick is the most important vector for T. parva, R. zambeziensis 
and R. duttoni are also reported to transmit the parasite in parts of Southern Africa (Blouin and 
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Stoltsz, 1989). The tick is also reported to transmit T. taurotragi infections in cattle (Catalano et 
al., 2015) and waterbucks. Generally, spatial distribution of R. appendiculatus relatively 
determines the distribution and occurrence of T. parva infections (Gachohi et al., 2012).  
 
2.2.4.1 Lifecycle of R. appendiculatus  
Rhipicephalus appendiculatus is a three-host tick, so called because nymph, larva and adult 
stages develop on the ground in between feeding on separate hosts. The R. appendiculatus life 
cycle consists of four stages: egg, larva, nymph and adult (Lawrence, 1991; Gul et al., 2015). 
After hatching, the six-legged larva seeks the first host, usually a small animal such as a hare or 
rodent; feeds once on this host then drops to the physical environment such as soil or vegetation. 
Over days to weeks the larvae digest the blood-meal, after which they moult into nymphs while 
on the ground. The four-legged nymphs seek the second host, feed, then drop to the ground and 
develop into adults. Finally, the adults (sexually mature males and females) hunt for a third host 
and feed for several days before mating. Males stay attached to the host until death, while the 
females drop to the ground to lay a large batch of eggs before death (Randolph, 1994). The most 
common hosts for adult R. appendiculatus are cattle, buffalo and large antelopes, but they also 
infect sheep and goats (Yeoman et al., 1967). Immature ticks are seen on small antelope, 
carnivores and hares. Adult R. appendiculatus prefer to feed in the ears, on the head and under 
the tail while immature ticks feed in the ears, on the head and on the legs (CFSPH, 2009). 
 
2.2.4.2 Ecology of Rhipicephalus appendiculatus 
Rhipicephalus appendiculatus is widely distributed in countries of eastern, central and southern 
Africa (Lawrence, 1991; Perry et al., 1991). The vector is very numerous, particularly in East 
Africa, due to communal pastoral grazing of livestock and sharing of pastures between domestic 
and wild animals. The population dynamics of R. appendiculatus is the main factor affecting the 
efficiency in transmission of T. parva infection (Gul et al., 2015). The distribution of R. 
appendiculatus depends on abiotic factors (macro and micro-climatic conditions) and biotic 
factors (host availability and abundance, and vegetation) (Perry et al., 1990; Randolph, 1994). 
Other factors also include the level of host tick resistance, distribution and efficacy of tick 
control practices (TCP), and grazing practices that affect host behaviour (wild and domestic) 
(Perry et al., 1990). 
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2.2.4.3 Rhipicephalus appendiculatus and seasonal dynamics 
Seasonal activities of ticks are known to vary between agro-ecological zones due to variations in 
humidity, temperature, vegetation cover and photoperiod (Norval et al., 1992; Okello-Onen et 
al., 1999; Gachohi et al., 2012). For example, warm and/or humid areas and landscapes 
characterised by a mixture of grass and tree cover (savannah woodland) are more suitable for 
tick survival and development (Norval et al., 1992). These areas include the lowlands (sub 
humid, arid and semi-arid agro-ecological zones). In contrast, the highland areas have an 
unsuitable climate for the survival and development of ticks (Gachohi et al., 2012). The 
influence of climatic variation on the tick population, and its flow-on effect for the transmission 
potential of T. parva, creates a range of epidemiological situations in different areas (Norval et 
al., 1991). 
 
For R. appendiculatus, the number of tick generations per year and tick abundance is influenced 
by seasonal climatic conditions (Short and Norval, 1981; Randolph, 1999). In East Africa, 
including Tanzania, the relatively tropical conditions result in year-round tick infestation and 
ECF transmission due to overlapping generations of ticks throughout the year (Norval et al., 
1991), with marked decline during the dry season followed by the higher rainfall in wet season 
leading to an increased population of adult ticks. Increased activity of R. appendiculatus during 
the wet season and start of the dry season (cool dry season) has been reported in the northern and 
southern highland regions of Tanzania (Laisser et al., 2017). In the transitional zone, where 
climatic conditions are variable over the year, the presence of adult ticks in the rainy and dry 
season may lead to T. parva transmission throughout the year (Norval et al., 1991). In contrast, 
R. appendiculatus in southern Africa completes only one life cycle per year, the occurrence of 
adults, nymphs and larvae is seasonal, and most adult ticks occur from mid-to-late summer. 
 
2.2.4.4 The potential effect of climate change on R. appendiculatus distribution  
Recent studies have explored the potential effect of global climate change on tick dynamics, 
however, these studies are still advancing (Estrada-Peña, 2003; Estrada-Peña, 2008; Estrada-
Peña et al., 2012). Overall, findings from these studies indicate that an increase in temperature in 
the tropics may be deleterious to some species, adversely affecting habitat suitability and causing 
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certain tick species to colonise new areas (Estrada-Peña, 2003; Olwoch et al., 2008). However, 
such studies are limited, especially in Tanzania. Olwoch et al. (2008) indicates the potential 
effect of climate change on distribution of R. appendiculatus in the sub-Saharan region. A 
warmer future climate would be more suitable for tick survival and development, especially in 
currently cooler areas. The findings show different rates of range alteration depending on the 
projected increased temperature or precipitation in specific areas (Randolph, 2000). 
 
2.2.5 Risk factors of East Coast fever  
The occurrence and distribution of T. parva infection is largely influenced by the agro-
ecological zones, livestock production systems, distribution of cattle breeds and age, and 
management practices (Gachohi et al., 2012). As explained previously, the climatic variations 
across agro-ecological zones determine habitat suitability and development of the vector R. 
appendiculatus (Randolph, 2004; Gachohi et al., 2012). The livestock production system has an 
important influence on the exposure level of cattle to infected ticks, and on the tick control 
strategies in place. For instance, in traditional extensive systems, it is common to find 
unrestricted tick exposure with little or no tick control, while intensive and semi-intensive 
systems feature limited tick exposure and more strictly applied tick control strategies (Gachohi et 
al., 2012). Because of constant tick exposure, endemic stability for T. parva infection has been 
linked with the extensive livestock system. Further, a higher level of transmission of T. parva 
infections has been reported at the cattle-wildlife interface, such as areas in close proximity to 
wildlife national parks, where interactions between cattle and wildlife species are likely to occur 
(Oura et al., 2011; Kazungu et al., 2015). 
 
Host factors of breed and age underpin the variation in susceptibility of different cattle to T. 
parva infection. In an experimental investigation carried out in the 1950s, non-infected 
indigenous and European cattle were challenged with infection by T. parva. The findings 
demonstrated that pure breed taurine cattle (exotic) are h ighl y  susceptible to T. parva infection, 
zebu breeds (such as improved and unimproved Boran) are moderately susceptible to T. parva 
infection, and indigenous breeds (shorthorn zebu) show low susceptibility to the parasite 
(Barnett, 1957). Exposure of the highly susceptible exotic breed cattle to infected ticks has 
34 
 
disastrous consequences, and without treatment the fatality rate may reach up to 100% (Norval et 
al., 1992; Abdela and Bekele, 2016).  
 
In terms of age, younger animals and especially newly introduced stock of the susceptible cattle 
breeds are at high risk of primary infection and a high mortality of up to 90% (Mukhebi et al., 
1992). However, increasing age is associated with increasing T. parva exposure and T. parva 
seroprevalence; thus, as reported particularly in studies conducted on the Kenyan coast (Gachohi 
et al., 2012) seroprevalence rises as the cattle population increases in age (Katende et al., 1998).  
 
Endemic stability for T. parva infection is the state where a large majority (>70%) of calves 
become infected as a result of early exposure to infected ticks and acquire immune status by six 
months of age, and few or no clinical cases are seen in the cattle population (Norval et al., 1992; 
Kivaria et al., 2004). Endemic stability will fail, leading to clinical cases in a previously immune 
stable population when low infestation rates of cattle with ticks occur. This can be due to such 
factors as ecological disruption, constant application of acaricides (intensive), ECF immunisation 
and grazing practices that reduce cattle exposure to infected tick challenge, such as zero grazing. 
An unstable endemic state in a cattle population is characterised by low (<30%) antibody 
prevalence (Norval et al., 1992).   
 
Carrier state is another significant epidemiological feature for T. parva infection. The carrier 
state is defined as parasite presence in an infected and recovered (and therefore asymptomatic) 
host (Maritim et al., 1990). Carrier animals do not show clinical disease, and yet may be a source 
of infection for ticks (Di Giulio et al., 2009). There are two phases of the life cycle in which T. 
parva can persist in a carrier animal. The first is by slow proliferation of macroschizont-infected 
lymphocytes, some of which develop further into microschizonts and give rise to merozoites 
infective to erythrocytes. The second phase is by the regular division of intra-erythrocytic 
piroplasms. Thus, the presence or absence of circulating gametocytes of T. parva, which develop 
in the erythrocytes, determines whether an asymptomatic animal is a carrier at a given time. It is 
possible for an animal with persistent infection to act either as an initial carrier, sporadic or 
continual carrier at a given time (Maritim et al., 1990). Immunised cattle may develop a low-
level T. parva parasitaemia, which leads to a carrier state (Billiouw et al., 2002; Mbassa et al., 
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2009); these animals can be a source of infection for ticks and therefore cause transmission of T. 
parva infection to non-infected cattle (Geysen et al., 1999).  
 
2.2.6 The potential effect of climate change on East Coast fever  
There has been considerable research focused on the investigation of the effects of climate 
change on tick-borne diseases of humans, but few studies to date on tick-borne diseases of 
animals (Olwoch et al., 2007; Olwoch et al., 2008). For ECF, the limited studies undertaken have 
applied a nested regional climate model, known as the Division of Atmospheric Area Model 
(DARLAM). Results suggest a range of ECF alterations in the affected countries with a warming 
climate. A decrease in the range of ECF is predicted in some regions and an increase in other 
regions, while some will remain constant (Olwoch et al., 2008). Importantly, these studies were 
carried out to define the role of climate as a factor in determining potential ECF occurrence 
without consideration of other factors such as population size and structure of the main hosts, 
habitat modification and vector control programs (Olwoch et al., 2008). These studies on 
potential effects of climate change on ECF involved a large region with many countries, and thus 
may have missed the fine details for specific countries considering different climatic and 
ecological contexts. In Tanzania, there have been no known attempts to link climate change and 
tick-borne diseases such as ECF at the local context. 
 
Moreover, the vulnerability of tick-borne disease to climate change could be further influenced 
by other drivers such as land transformation, increased human population, and cattle movements 
and interactions (Sutherst, 2004). These changes may alter terrestrial mammal communities and 
tick-borne pathogen transmission. Robust climate models are essential to be able to predict future 
tick-borne infections. These models would take into account the dynamic biological processes 
involved in vector abundance and pathogen transmission and agro-ecological changes that affect 
livestock systems. They would also consider the ability to model people’s behaviour over the use 
of control methods (Rohr et al., 2011; Estrada-Peña, 2008). However, previous studies point out 
some associated challenges to the performance of these models. Inherent complexities exist, for 
example, due to the many variables operating on the different stages of the tick life cycle 
(Estrada-Peña, 2008). 
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2.2.7 Diagnosis 
2.2.7.1 Clinical diagnosis 
Diagnosis of T. parva infection in the affected countries is routinely based on observation of 
clinical signs and knowledge of disease prevalence and vector distribution. Cattle in endemic 
areas that have enlarged lymph nodes (especially parotid and pre-scapular) and high fever (>39.5 
°C) are suspect cases of ECF (OIE, 2014). 
 
2.2.7.2 Microscopic examination  
The diagnosis of classical East Coast fever is confirmed by conventional methods such as the 
observation using a light microscope of schizonts in lymph smears or piroplasm in blood smears 
in the later stage (Mans et al., 2015; Morrison, 2015; Abdela and Bekele, 2016). Lymph smears 
are stained with Giemsa or Romanowsky stain and examined for the presence of Koch’s blue 
bodies (schizonts) (KBB). The presence of Koch’s blue bodies in the lymph smears confirms 
clinical positive cases and indicates a pathogenic state of the disease (Mans et al., 2015). The 
presence of piroplasms alone should not be used to confirm a positive case since piroplasms can 
be present in clinically healthy carrier animals. This diagnostic method is comparatively 
inexpensive and convenient. It has drawbacks, however: it is difficult to clearly identify T. parva 
parasites since there are morphological similarities between most Theileria species (Mans et al., 
2015); it has low sensitivity; and the test is not recommended for identification of carrier 
animals. Small numbers of T. parva organisms in the bloodstream makes it an unreliable 
technique for gaining accurate results (Gul et al., 2015). 
 
2.2.7.3 Serological tests  
Serological tests detect antibodies, providing evidence of previous exposure to T. parva 
infection. These tests also determine the immune status of vaccinated animals, and of animals 
recovered from natural infection (Nene et al., 2016). However, the tests can give false positive 
and false negative results caused by cross-reactions or weak immune responses (OIE, 2014). 
Several serological tests exist: indirect Enzyme-Linked Immunosorbent Assay (ELISA), Indirect 
Fluorescent Antibody Test (IFAT), Immunodiffusion Test, Indirect Haemagglutination Assay, 
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Complement Fixation, Capillary Tube Agglutination and the Coagulation Test (OIE, 2014). 
However, IFAT remains the gold standard assay recommended by the OIE and is the most 
widely used serological test (OIE, 2014). The test has the potential to measure antibody levels 
against T. parva arising from natural infection and from vaccination. Yet the test has several 
limitations such as the cross-reactivity of closely genetically related species such as T. taurotragi 
(Mans et al., 2015). Hence, detection by IFAT may be a poor measure of T. parva exposure. The 
test utilises whole-body antigens, but only a select number of T. parva antigens are responsible 
for the dominant immune response against Theileria parasites, hence there is more interest in 
using ELISA (Katende et al., 1998).  
 
The ELISA test with single molecule assays is a quick and cheap method to screen and diagnose 
large numbers of samples. In addition, the test has the ability for more species-specific antigen 
analysis applicable for high throughput analysis (Mans et al., 2015). The polymorphic 
immunodominant molecule (PIM) of T. parva and p32 antigens of T. mutans was used to 
develop the ELISA. The PIM-ELISA test has greater than 99% sensitivity and a specificity of 
94−98%, both higher than the IFAT (Katende et al., 1998). There is increasing use of PIM-
ELISA based on its parasite-specific antibody detection in recent times (Malak et al., 2012; 
Kazungu et al., 2015). The test is able to detect antibodies for up to 215 days longer than the 
IFAT (Katende et al., 1998). In addition, the test overcomes the cross-reactivity problem of the 
IFAT test (OIE, 2014; Mans et al., 2015). The indirect antibody ELISA test was employed in this 
study as described in Chapter 4. 
 
2.2.7.4 Molecular techniques 
The need for an improved method to detect T. parva carrier animals led to the development of 
polymerase chain reaction (PCR) techniques using T. parva specific primers based on a single 
copy of genes (P104 and PIM antigen genes) (Odongo et al., 2010). The molecular revolution 
saw a surge in diagnostic assays that target specific genes and species. These included 
conventional methods such as PCR (Bishop et al., 1992), followed by agarose gel electrophoretic 
analysis (PCR–RFLP) (Zaeemi et al., 2011), nested PCR (Odongo et al., 2010), dot blotting, 
capillary blotting or slot blotting, and hybridisation using isotope labelled probes (Mans et al., 
2015). These were followed by real-time PCR and loop-mediated isothermal amplification 
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(LAMP) assays (Thekisoe et al., 2007b; Gul et al., 2015; Sibeko et al., 2008). These molecular 
techniques are highly sensitive and specific, and detection of parasite genomic material is 
regarded as evidence that live parasites were present in the animal at the time of sampling (Mans 
et al., 2015). Molecular techniques are continuously being evolved, such as the LAMP assay, 
real-time PCR, Luminex xMAP, random amplified polymorphic DNA (RAPD), amplified 
fragment length polymorphism (AFLP), and restriction fragment length polymorphism (RFLP). 
These are among the current molecular techniques applied in the diagnosis and confirmation of 
T. parva infection in either naturally recovered or vaccinated animals.  
 
The nested polymerase chain reaction (p104 PCR) was used for the study presented in Chapter 4. 
This test has higher sensitivity and specificity than ELISA. It can detect 1.4 parasites/μL 
corresponding to blood parasitaemia of 2.8×10-5%, with specificity approaching 100% (Skilton 
et al., 2002; Odongo et al., 2010). The test exhibits enhanced sensitivity, enabling detection of 
low levels of T. parva piroplasm infections in bovine carrier animals. The nested PCR assay was 
applied for the Maasai cattle in this study to allow the accurate detection of T. parva infection 
with low parasitaemia (carriers), which is a commonly observed state in cattle in endemic areas 
(Odongo et al., 2010; Muhanguzi et al., 2014).  
 
 2.2.8 Control of East Coast fever 
The available control strategies for ECF include tick control, chemotherapy and immunisation 
(Infection-and-Treatment Method). The choice of control method/s is influenced by several 
factors, namely agro-ecological conditions, the livestock systems being used, prevailing socio-
economic conditions and the convenience of application (Mugisha et al., 2008). 
  
2.2.8.1 Tick control  
Tick control is mainly achieved by the application of acaricides in Tanzania (Chenyambuga et 
al., 2010; Nonga et al., 2012). There are various methods for acaricide application, such as hand 
spraying, spot-on or pour-on formulations, and dipping. Recently, impregnated ear tags have 
been developed as an alternative to dipping (Abdela and Bekele, 2016). In Tanzania, hand 
spraying is the most common method, followed by dipping, and the most commonly used 
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acaricides in recent times are synthetic pyrethroids and organophosphates, or amitraz-based 
acaricide products (Nonga et al., 2012). The principal objective for acaricide use in tick control is 
to kill the vector in order to break the life cycle. Thus, efficient application on all predilection 
sites of R. appendiculatus is essential. The recommended frequency of acaricide application is 
two to three times a week, which may not be sufficient to provide absolute protection when the 
challenge of ticks is high (Billiouw and Berkvens, 1999). In pastoral communities, acaricides are 
generally used weekly by hand spraying; dipping is the least applied method (Magwisha et al., 
2013). Although dipping is considered the most effective method for acaricide application, it is 
not commonly practised by farmers because it is costly, and it requires maintenance of the dip 
tanks and adequate available water (De Meneghi et al., 2016). In addition, dip concentration 
needs to be regularly monitored by trained personnel such as livestock officers and extension 
officers. The use of acaricides has challenges. These include incorrect application that may result 
in ticks developing resistance to acaricides, residues in animal products and contributing to 
environmental pollution, as well as high costs being incurred by farmers (Ogden et al., 2005; 
Nonga et al., 2012). The Tanzania report on animal health strategy and vision (Matthew et al., 
2016), indicates local governments spent about 14 million Tanzanian shillings (equivalent to 
USD 6.7 million) from 2003-2013 to construct 439 and rehabilitate 835 dip-tanks to control 
ticks in the country. There are no current updates to show how many of these dip tanks are still 
functional. Before 1983, the Tanzanian government had a policy of systematically using 
acaricides for the control of ticks and tick-borne diseases. However, the strategy was only 
possible when the government regulated the use of acaricides and their importation, and the 
management of dip tanks. Furthermore, intensive acaricide application has failed to create a 
major impact on TBD control in most of the affected countries in Africa including Tanzania 
(Pegram et al., 2000). Several factors have been linked with failure of acaricide application. 
These include improper rationing of the acaricides and increasing availability of counterfeit 
acaricides. The latter has been driven by a trade liberalisation policy that took place in the early 
1990s that allowed farmers to switch between acaricides without regulation (Kivaria, 2006; 
Nonga et al., 2012).  
 
Other options for tick control involve ecological and biological mechanisms. Tick numbers can 
be affected when tick habitat (vegetation) is modified or removed through urbanisation and 
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expansion of settlements (Reid et al., 2000), or biological controls using predators such as 
rodents, birds and ants are implemented (Abdela and Bekele, 2016).  
 
2.2.8.2 Chemotherapy  
Several drugs for the treatment of theileriosis are available in Tanzania. Oxytetracycline 
antibiotic has been administered to cattle with ECF since 1953 (Gul et al., 2015), being routinely 
used for the management of disease severity. Although oxytetracycline is not an anti-theilerial 
drug, it has a suppressive effect and can curtail the infection in the early stage of the disease, and 
it is less expensive than anti-theileria compounds (Norval et al., 1991; Gul et al., 2015). From the 
late 1970s, anti-theileria compounds such as parvaquone and buparvaquone (naphthoquinone 
compounds) have been available, and these are more effective (curative effect) with a wide 
therapeutic effect (Gachohi et al., 2012). Until today the buparvaquone compound Butalex™ 
remains the commercial drug of choice for the treatment of T. parva infection. However, it is 
costly, for example a bottle of buparvaquone (40 mL ButalexTM) and Parvaquone (100 mL 
Parvexon®) costs 80,000 and 45,000 Tanzanian shillings respectively (Personal communication, 
cattle owner). The high price prohibits prompt and wide-scale use especially among small-scale 
farmers and resource-poor cattle owners (Muraguri et al., 1999; Gachohi et al 2012). Generally, a 
desired successful treatment for T. parva infection is achieved only when anti-theilerial drugs are 
administered during the early stage of the infection (Gul et al., 2015). But when the infection 
advances, treatment becomes less effective and consequentially, host animals develop a carrier 
state (OIE, 2009). The major problems that affect chemotherapy are late detection of clinical 
cases and thus late commencement of treatment.  
  
2.2.8.3 ECF immunisation 
Immunisation for theileriosis is an infection-and-treatment method (ITM) that was originally 
based on the observation that animals that recovered from natural infection acquired solid 
immunity (Burridge et al., 1972; Radley et al., 1975; Di Giulio et al., 2009; Lynen et al., 2012). 
The ITM involves infecting cattle with a predetermined dose of T. parva sporozoites and 
simultaneously treating with a long-acting tetracycline (OIE, 2014). This is followed by clinical 
monitoring for 15 days post-immunisation to observe development of the expected mild disease 
(Di Giulio et al., 2009; Lynen et al., 2012). In this technique, a crude suspension of sporozoites is 
41 
 
prepared from adult ticks, which possess major surface antigens p67 and SPAG1 respectively 
(Burridge et al., 1972). This induces protection against homologous traits (Gul et al., 2015). As a 
consequence of ITM, a mild reaction to parasitic infection appears and cattle acquire immunity 
to succeeding infections. The current trivalent vaccine known as Muguga cocktail is made up of 
three parasite stocks (Kiambu 5, Muguga and Serengeti-transformed) and is used extensively in 
East African countries including Tanzania, Kenya and Malawi (Perry, 2016; Laisser et al., 2017). 
In Tanzania, the ECF vaccine has been administered by registered private veterinarian since 
early 1990s as part of the immunisation trials supported by FAO; later in 2010 the vaccine was 
officially registered. The increased awareness of ITM in Northern Tanzania and elsewhere across 
the country has gradually increased its uptake. However, progress appears to be partly limited by 
distribution of private veterinarians delivering ITM in the field (Lynen et al., 2012), and the cost 
for the vaccine (currently between US $7–10 per animal). The ECF vaccine is considered to 
improve survival of immunised animals (Di Giulio et al., 2009; Martins et al., 2010). It appears 
to have a high efficacy for preventing ECF in crossbred dairy cattle in Tanzania, which are high 
producers of milk, and experience a low risk of vaccine reactors (Lynen et al., 2012). In endemic 
areas, where there is a high rate of intensive transmission of T. parva, immunised animals can 
demonstrate lifetime protective immunity (OIE, 2014; Abdela and Bekele, 2016). Despite 
success stories of the ITM method when coupled with a regular tick control, its efficacy is still 
unclear (Chengula et al., 2013 ; Nene et al., 2016).  
 
Challenges associated with the implementation of the ITM technique in Tanzania include the 
need for a reliable liquid nitrogen cold chain to maintain parasite viability and for trained 
vaccinators (Nene et al., 2016; Perry, 2016). In addition, there is still a high risk of clinical 
reactions, especially when incorrect long-acting tetracycline dosage is administered while cattle 
are under poor nutrition, stress or concurrent infections. Another potential challenge for the 
uptake of ITM is that ECF immunisation permits a reduction of acaricide use, which may 
potentially cause an increase in other TBDs; this is a major concern (Lynen et al., 2012). 
Research to improve ITM performance continues with the aim of producing an improved vaccine 
that has a broad spectrum of immunity against different isotopes of T. parva (Perry, 2016).  
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2.2.8.4 Cattle movement control 
The control of livestock movement is an essential part of ECF management, with the main 
objective being to restrict the movement of infected animals carrying ticks by enforcement of 
legislation. At farm level, this may be achieved through fencing, zero grazing and by not 
introducing new stock that may carry infected ticks (Musisi and Lawrence, 1995). In Tanzania 
zoosanitary checkpoints have been constructed in strategic locations, linking the most important 
cattle producing areas such as farms/ranches throughout the country. Usually, animals are 
examined and authorised certificate documents checked at the checkpoints. If animals with ticks 
are found, they are sprayed with acaricides. These animals are transported to a quarantine station 
or approved holding ground, and held for a specified period (a period of not less than 30 days) 
(MLDF, 2015b). Bylaws to restrict cattle trekking, and to reduce illegal stock movement and 
thefts, are now in place. An animal identification system mostly based on traditional hot-iron 
branding is also used. The more modern system of ear tag technology is yet to be established to 
facilitate traceback to place of origin. The checkpoints have been a source of valuable 
information following these zoosanitary measures. However, current operations at checkpoints 
have problems due to the lack of logistical support to facilitate rapid and accurate responses to 
possible emergencies (MLDF, 2015b). In pastoral communities, cattle movement is a strategic 
response to uncertain availability of pasture and water, but part of pastoralists’ aim is to avoid 
infection in specific areas. Animal movements in northern Tanzania can be a challenge since the 
area is bordered by wildlife ecosystems, and encompasses the seasonal migratory routes of large 
mammals (Kaswamila, 2009).  
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2.2.9 Challenges for ECF control in Tanzania 
The National Livestock Policy of 2006 (MLDF, 2011) outlines the path to the development of a 
competitive and efficient livestock industry in the country. Cattle diseases are among several 
constraints to cattle production and productivity in Tanzania. For example, northern Tanzania is 
composed of wildlife ecosystem, thus population of multi-host ticks is widespread. The 
traditional approach to controlling ticks and ECF has relied heavily on the use of acaricides and 
to some extent on ECF immunisation. The use of acaricides is mostly controlled by the livestock 
keepers themselves as animal disease vector control is no longer a public responsibility. The 
central government that includes the Ministry of Livestock Development is not involved in non-
transboundary diseases such as East Coast fever (MLDF, 2011). Instead, cattle vector-borne 
diseases are managed by the private sector since privatisation of veterinary services, which 
occurred in the early 1990s. The veterinary private sector supplies acaricides, veterinary drugs 
and ECF vaccines to livestock keepers across the country. However, ECF immunisation is 
coordinated by specific registered veterinarians in all zones in the country, who are responsible 
for delivering the vaccines to interested livestock keepers (Matthew et al., 2016; MLDF, 2011). 
Despite advancement of ECF immunisation to date, challenges still exist in relation to the 
vaccine adoption process and its protection ability (Perry, 2016; Chengula et al., 2013). Another 
challenge with ECF management is inconsistent information on occurrence and distribution of 
ECF in the country. Because of this, the true impact of ECF in Tanzania is not clear and the ECF 
impact is not as much a priority as other diseases of economic importance. Thus, regular surveys 
aimed at updating both R. appendiculatus distribution and ECF prevalence are essential in order 
to provide a better understanding of ECF prevalence in Tanzania and to inform resource 
allocation for ECF control.  
 
ECF endemicity is growing, with an increasing cattle population that has less severe clinical 
disease despite T. parva infection in the cattle (Gachohi et al., 2012; Kazungu et al., 2015). 
However, development and maintenance of endemic stability for ECF is difficult to achieve as it 
depends on the optimal relationship between cattle, the pathogen, ticks and the environment 
(Jonsson et al., 2012). Increasing climate change and variability heightens the chance for 
disruption of this optimal relationship, with alterations in the distribution and density of tick 
species subsequent to changes in climatic conditions likely to affect the endemic stability state 
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(Kivaria, 2010). This may result in a continuation of disease outbreaks. The precise role played 
by climate change and variability in distribution of ticks, hosts and ECF has not been adequately 
studied in Tanzania.  
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2.3 African animal trypanosomosis 
2.3.1 The parasite (Trypanosoma spp.) 
Trypanosoma spp. is a unicellular, microscopic, elongated protozoan parasite that moves with 
the help of a single flagellum located at the kinetoplast. The genus comprises two main divisions, 
Salivaria and Stercoraria (Levine et al., 1980). In the Salivaria group transmission occurs via 
saliva. The trypanosomes in this group are considered of economic importance, causing diseases 
in animals and humans. By contrast, Stercoraria transmission is via faecal contamination, and 
most trypanosomes in this division are non-pathogenic. The salivarian division consists of three 
subgenera: Dutonella, Nannomonas and Trypanozoon. The Dutonella consist of Trypanosoma 
vivax, while Nannomonas includes T. congolense and T. simiae. Trypanozoon includes T. brucei 
brucei, which causes infection in domestic species as well as T. b. rhodesiense and T. b. 
gambiense, which are responsible for human African trypanosomosis (sleeping sickness) (Levine 
et al., 1980). Other species are T. evansi, T. equiperdum and T. suis, which are found in a 
diversity of animal species such as horses, camels, mules and donkeys (Stephen, 1986). Wild 
animals harbour a variety of trypanosome species but do not suffer clinical diseases. Wildlife 
hosts for trypanosomes include African buffalo, duiker, bushbuck, warthog, impala, greater 
kudu, giraffe, zebra, elephant, lion and leopard (Anderson et al., 2011; Auty et al., 2016). In 
endemic areas, domestic and wild animals are constituent reservoirs of trypanosome species and 
pass the infection onto tsetse flies (Glossina spp.) creating a cycle for transmission of the disease 
(Simukoko et al., 2007).  
 
2.3.2 Parasite life cycle  
With the exception of T. evansi and T. equiperdum, which are transmitted through mechanical 
transmission and coitus respectively, all other pathogenic livestock trypanosomes are transmitted 
biologically through the bite of tsetse flies (Glossina spp.) (Fig.2.4). In addition, T. vivax is the 
only species of trypanosome that possesses double transmission ability: biologically and 
mechanically through blood sucking insects reported in Mauritius, and Central and South 
America (Desquesnes and Dia, 2003; Gonzatti et al., 2014). The trypanosome undergoes a 
developmental cycle within the tsetse fly involving substantial morphological, biochemical and 
physiological transformations to the final metacyclic stage that is infective for a new mammalian 
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host. Once inoculated in the mammalian host through blood feeding, these metacyclic stages 
undergo development and multiplication at the site of infection, causing a swelling (chancre). 
Eventually, trypomastigotes are released into the blood stream through the lymphatic system 
(Caljon et al., 2014). During their development in the host, the parasites evade the host immune 
system by changing their surface antigenic coat, the variable surface glycoprotein (VSG) (Hall 
and Plenderleith, 2014). Trypanosoma congolense localise in capillaries and small blood vessels, 
where they attach to vascular endothelial cells due to their body small size. T. brucei and T. vivax 
invade tissues of various organs, where they cause damage. The immune response causes the 
clinical signs exhibited by the vertebrate hosts. This occurs within two to three weeks of 
infection (Radostitis et al., 2006; Bezie et al., 2014).   
 
     TSETSE FLY    MAMMAL 
 
 
 
                          Multiplies                              Transformation 
 
 
 
 
 
 
        Multiplies and elongate 
 
 
 
Figure 2.4 Illustration of the life cycle of trypanosome species in tsetse flies and mammalian 
hosts. 
 
2.3.2.1 Clinical signs and pathogenesis 
Trypanosomosis in cattle is characterised by two clinical forms: acute (seen particularly when 
animals have just been introduced to a tsetse-infested area) and subacute or chronic, the form 
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found mainly in endemic areas (Namangala et al., 2012). Acute cases may be fatal within a week 
(Swai and Kaaya, 2012). The primary clinical signs are intermittent fever, anaemia, 
lymphadenopathy, lachrymation and progressive emaciation. Milk yield may be decreased in 
dairy animals. Affected animals may show neurological signs, oedema, cardiac lesions, 
diarrhoea, keratitis and appetite loss. Usually, infected animals are weak and lethargic, and hence 
lag behind the herd. Effects on reproduction include spontaneous abortion in pregnant animals, 
premature birth and perinatal losses, as well as testicular damage in males. Deaths are common 
among chronically infected animals, and animals that recover clinically may relapse when 
stressed. Trypanosomes can also cause immunosuppression, and concurrent infections such as 
with T. parva and Ehrlichia ruminantium infections (Simwango et al., 2017). Coinfections may 
thus also complicate management of AAT (Namangala et al., 2012). 
 
The pathogenicity of trypanosomal infection varies considerably depending on several factors, 
including parasite-related aspects (species and virulence), host (species, breed, age, 
immunological status, nutritional status, presence of co-infection and physical condition), vector 
(species, density, infection rate and host preference), epidemiological situation (endemic or 
epidemic) and the environment (e.g. the availability of food and water, and the season) (Cox, 
1979). When an infected tsetse fly bites the host it injects the parasites into the blood, and the 
parasites multiply and invade the body fluids and tissues. This process stimulates an immune 
response, causing a swelling at the bite site, and multiplication and persistence of trypanosomes 
before dissemination to the blood. For T. congolense, after spreading to the lymph nodes and 
blood, the parasites continue to replicate in the endothelial cells of small blood vessels and 
capillaries. For very acute cases, for example with T. vivax, the organism causes parasitaemia 
and disseminated intravascular coagulation with haemorrhages. Overall, tsetse-transmitted 
trypanosomosis is categorised into groups according to the sites of host-parasite interaction. This 
can occur as chancre, lymphadenopathy, anemia and tissue damage (Uilenberg, 1998). 
Trypanosomes can be transmitted through the placenta and infect the foetus in pregnant animals, 
causing abortion or stillbirth in cattle (Gray and Luckins, 1978). 
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2.3.3. The vector (Glossina spp.) 
Thirty-three species of tsetse fly have been described that belong to the genus Glossina (Vreysen 
et al., 2013). The insect is about the size of a housefly, 6-14 mm in length, although two 
anatomical characteristics make them distinguishable while resting (Pollock, 1992). Specifically, 
the tsetse fly possesses biting mouthparts: a long proboscis, which extends forward and is 
attached by a distinct bulb to the ventral surface of its head. Further, when at rest, one wing rests 
directly on top of the other over the abdomen (Kuzoe and Schofield, 2004). 
 
Tsetse species form three main groups (Table 2.1). Tsetse flies are present in 38 countries of sub-
Saharan Africa, which covers an area of approximately 10 million km2. The upper limit of the 
geographical distribution is latitude 15° north, while the lower limit is 29° south, where it 
spreads from the southern edge of the Sahara Desert to Zimbabwe, Mozambique and Angola 
(Cattand, 2001). The low temperature (<20° C) below these limits prevents extension of the fly 
in the south. A few pockets of G. morsitans and G. fuscipes have been recorded from 
southwestern Saudi Arabia (Solano et al., 2010). 
 
Table 2.1 Species of Glossina 
 Group Species Habitat 
1 Glossina 
Morsitans    
G. morsitans  Mainly found in savannah areas, including 
open areas and thickets  
  G. pallidipes  
  G. swyennertoni  
  G. austen  
  G. morsitans morsitans  
2 Glossina 
Palpalis  
G. fuscipes 
 Mainly riverine and lakeshore habitats  
  G. palpalis  
  G. tachnoides   
  G. palpalis gambiensis  
  G. palpalis palpalis  
3 Glossina Fusca  G. fusca  Mainly forest in West and Central Africa 
  
G. longipennis 
 Primary forest in lakes banks/sides and 
riverine 
  G. brevipalpis   
  G. fusca congolense  
  G. schwetzi  
  G. fuscipleuris  
Source: Kuzoe and Schofield (2004) 
49 
 
 
 
 
 
Figure 2.5 Distribution and numbers of tsetse fly species belonging to the Fusca, Morsitans 
and Palpalis groups in Africa.  
Source of figures: http://ergodd.zoo.ox.ac.uk/livatl2/tsetse.htm 
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In Tanzania, the main species of tsetse fly include both the savannah group (Morsitans) 
(specifically G. morsitans morsitans, G. m. centralis, G. swynnertoni, G. pallidipes and G. 
austeni) and the forest group (Fusca) (specifically G. longipennis, G. brevipalpis and G. 
fuscipleuris). Palpalis (Nermohina) (G. fuscipes and G. f. martini) are restricted toward Lakes 
Victoria and Tanganyika, respectively (Malele, 2011). The previous tsetse distribution map by 
Ford and Katondo (1977) indicated that two thirds of mainland Tanzania was infested by ten 
species and subspecies of Glossina. Recently, some work has been undertaken to collate 
information from a number of cross-sectional studies from 2003 to 2012 (Daffa et al., 2013). 
Information from 21 regions of mainland Tanzania was used to produce an up-to-date map for 
tsetse distribution. Overall, the current tsetse distribution in Tanzania shows significant changes 
in the limits of tsetse distribution in tsetse infested areas. About 33% of Tanzania’s mainland is 
infested with tsetse flies. The infested area is categorised into two levels: 1. a high-risk infested 
area (17.44%) that consists of the wildlife national parks and 2. the medium to low level infested 
area (15.4%) that includes areas with a lower concentration of wildlife such as game-controlled 
areas, wildlife management areas and forest reserves adjacent to the national wildlife parks 
(Daffa et al., 2013). Furthermore, Malele (2011) reported that the alteration in tsetse distribution 
is likely attributed to ongoing changes in land use and land cover. This is due to an expansion of 
human settlement, with associated activities such as agriculture development, infrastructure 
improvement and the charcoal industry. The production of up-to-date risk maps is essential for 
efficient planning and implementation of control programs for tsetse flies and the disease. 
However, given that tsetse distribution and trypanosomosis are dynamic and transboundary in 
nature, monitoring needs to be an ongoing activity due to re-invasions. The currently infested 
areas may expand or shrink due to the impact of environmental change.  
 
2.3.3.1 Tsetse fly lifecycle and reproduction  
Both male and female adult tsetse flies feed on blood from a variety of vertebrate hosts every 
few days and in so doing may transmit pathogenic trypanosomes (Leak et al., 1993). After 
mating, the female tsetse fly develops eggs and larvae within her uterus until maturity. A full-
grown larva is produced every ten days and deposited in a shady area. Once the larva is expelled 
from the uterus it enters the soil to pupate (Buxton, 1955). The larva burrows into the soil to a 
depth of 2−8 cm and pupates almost immediately. The entire process of metamorphosis occurs 
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within the puparium, leading to the adult form of the insect. The period of intrapupal 
development is variable according to species, sex and climatic conditions. Timing for the 
development of the pupa varies according to temperature but rapid pupation takes about 15 min 
with sufficient ground moisture of over 60% (Solano et al., 2010; Caljon et al., 2014). Depending 
on temperature and humidity, adult flies emerge after 30–40 days (Pollock, 1992) (Figure 2.6). 
  
Tsetse flies are already sexually mature when they emerge from the puparium and mating can 
occur in the following hours. In natural conditions, almost all females are fertilised as soon as 
they exit from the puparium. Each female can produce only one offspring at time, producing up 
to 12 offspring during her typical adult lifespan of 2−3 months (Rogers, 1979). Males can mate 
approximately 10 times if mating is adequately spaced and mating time ranges from 30 minutes 
to three hours (Jordan, 1972). One mating event is generally sufficient for the female fly to 
produce larvae for several months; spermatozoids can survive for nearly 200 days in the 
spermatheca. Occasionally, a female can accept several matings to fill her spermatheca (Solano 
et al., 2010). 
 
 
 
 
Figure 2.6 The Glossina life cycle illustrating the development from an intrauterine larva 
into an adult fly. Adapted from Caljon et al. (2014) 
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2.3.4 Ecology of tsetse fly 
2.3.4.1 Dispersal 
In general, tsetse flies are unable to fly for long periods and instead fly in short bursts, with a 
relatively low capacity for active dispersal. The average total distance flown per day is between 
4.5 and 9 km. However, they can also be passively dispersed in vehicles, on floating vegetation 
and on animals, and this ability to be carried rapidly over long distances causes a risk of 
transmission of trypanosomosis to new areas or reintroduction to areas previously under control 
(Kuzoe and Schofield, 2004). 
 
2.3.4.2 Population dynamics and seasonality  
The tsetse population is mainly influenced by density-independent (abiotic) factors such as 
temperature and humidity, which in turn depend on vegetation cover (Table 2.1 and Figure 2.5). 
For survival, tsetse flies need a temperature between the limits of 17 °C and 36 °C. They also do 
not survive if annual rainfall is less than 300 mm, and if there is a lack of suitable resting sites 
(Terblanche et al., 2008). For example, G. morsitans depend on temperature, moisture and 
vegetation. When the average temperature is low, especially in the morning and in the cool 
season, G. morsitans becomes inactive, becoming active when the average temperature is high. 
However, when the temperature is very hot their activity is greatly reduced. Additionally, the 
high temperature increases the flies’ feeding rate, since flies emerging in the hot season have low 
levels of fat, which is compensated by frequent biting to help them avoid starvation. They are 
especially active where vertebrate hosts congregate (Bett et al., 2008). 
 
Increases in temperature also shorten the inter-larval development period (Torr and Hargrove, 
1999). The seasonal variations (wet and hot dry) influence spatial distribution of tsetse flies (Bett 
et al., 2008). Tsetse fly density is determined by suitable habitat and availability of hosts, while 
the latter is influenced by human activities such as expansion of human settlement and 
agriculture, deforestation, livestock movements and habitat fragmentation (Roger 1979, 1985). 
 
2.3.4.3 Tsetse flies and the changing environment  
Tsetse flies, like many other arthropods, rely on habitats for their survival and development with 
appropriate biotic and abiotic conditions (Van Den Bossche et al., 2010). Each subgenus of tsetse 
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fly differs in its habitat (Table 2.1) and this diversity influences the interactions between hosts 
(human, livestock and/or wildlife), pathogens and vectors. Environmental changes can 
considerably alter tsetse fly dynamics and thus influence disease transmission, pathogenicity and 
impact (Reid et al., 2000; Van Den Bossche et al., 2010). The potential drivers for environmental 
change include climate change, agriculture development, urbanisation and changes in land use 
and cover, livestock-production systems and habitat fragmentation (deforestation) (Rogers, 1979; 
Reid et al., 2000). Drastic changes in the habitat of tsetse flies have in some instances resulted in 
a reduced population of tsetse flies and density in various tsetse infested countries including 
some regions of West Africa, South Africa and Tanzania (Van Den Bossche et al., 2010; Daffa et 
al., 2013). 
 
2.3.5. Epidemiology of trypanosomosis in cattle  
African Animal trypanosomosis is one of the major constraints to improved livestock and 
agriculture production in Tanzania. The disease remains one of the major causes of livestock 
production loss in the country. In cattle, trypanosomosis directly affects meat and dairy 
productivity and increases livestock keepers’ vulnerability to economic and food insecurity (Holt 
et al., 2016). About 33% of the suitable grazing land of Tanzania is infested by tsetse flies, 
causing a considerable impact in livestock development (Daffa et al., 2013). Cattle are the main 
species affected by trypanosomes, due to their status as tsetse flies’ feeding preference compared 
to other domestic animals. 
 
2.3.5.1 Risk factors of African Animal trypanosomosis 
There are several factors reported to influence prevalence and incidence of AAT (Biyazen et al., 
2014; Alemu and Alemneh, 2017). Adult animals are reported to have a higher incidence of the 
disease than young animals (Swai and Kaaya, 2012; Alemu and Alemneh, 2017; Dagnachew et 
al., 2017). This association relates to seasonal movements of animals, in which adult animals 
travel long distances in search of adequate food and water while young animals usually graze 
around homesteads. This means it is possible for adult animals to have greater exposure than the 
young ones. The correlation of AAT prevalence and age of the animal is well observed in 
extensive grazing/endemic areas (Simukoko et al., 2007; Karimuribo et al., 2011). A link 
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between sex of the animal and the disease incidence is also reported (Teka et al., 2012; Alemu 
and Alemneh, 2017). Male animals are reported to have higher rates of infection than female 
animals (Swai and Kaaya, 2012; Duguma et al., 2015; Dagnachew et al., 2017). However, this 
association was not consistent (Biyazen et al., 2014). A higher proportion of male animals are 
involved in draught activities and this increases their exposure rates to infected tsetse flies 
(Alemu and Alemneh, 2017). 
 
Cattle breed also influences prevalence of AAT due to the presence of trypanotolerance traits 
(Dumesa and Demessie, 2015). This trait describes the innate ability of an animal to control 
parasitaemia levels and relates to the regulation of parasite growth as well as how rapidly the 
immune response is triggered. This trait is generally recognised in the West African taurine 
breeds and the Shorthorn breeds of Central Africa, namely, the N'Dama cattle (Murray et al 
1990). In addition, some east African Zebu-Bos indicus types such as East African Short Horn 
Zebu are also trypanotolerant, albeit to a lesser degree (Dolan, 1998; Magona and Mayende, 
2002). Most Bos indicus cattle in tsetse-infested areas require regular treatment, however (Njogu 
et al., 1985).  
 
2.3.6 African Animal trypanosomosis and the changing environment 
The effects of anthropogenic changes have influenced the epidemiology of AAT, as illustrated 
by Van Den Bossche et al. (2010). Three distinct epidemiological scenarios of AAT have been 
identified; for example, in South Africa, where a range of long term studies have demonstrated 
the effects of human pressure on the epidemiology of animal trypanosomosis. The first scenario 
occurs when livestock are introduced into game areas where wildlife are abundant and constitute 
the main source of food for tsetse flies. In these areas wildlife act as an important reservoir of 
tsetse flies and trypanosomes, so the introduction of people and their livestock into such areas 
due to human encroachments leads to epidemics of animal trypanosomosis (Van den Bossche et 
al., 2000).  
 
The second scenario involves livestock living at the edge of tsetse-infested wildlife zones. These 
areas create a wildlife-livestock interface between tsetse infested and non-infested areas and 
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become a threat to livestock entering this zone. For instance, in Tanzania tsetse flies are more 
confined to the protected National Wildlife Parks, Game Reserves and Forest Reserves (Malele 
et al., 2011; Auty et al., 2012). During animal seasonal movements pastoralists move their cattle 
into close proximity to the wildlife national parks in search of adequate pasture, increasing 
cattle-wildlife contact and exposure to tsetse flies (Gustafson et al., 2015).  A similar situation 
occurs in West Africa (Reid et al., 2000; Bouyer et al., 2006). In some places, there may be 
invasion of tsetse flies from the protected area into the adjacent agricultural zone. This happens 
especially during and after the rainy season when climatic conditions allow for wide dispersion 
of tsetse flies (Mamoudou et al., 2008).  
 
The third scenario (also termed ‘domestic form’ of AAT) occurs because of human interference 
and habitat change, in areas where the population density of wildlife is low and livestock 
constitute the main source of blood meal for tsetse flies (Reid et al., 2000). The progressive 
clearing of natural vegetation, expansion of human settlement and agricultural development, and 
disappearance of large wildlife species due to natural or unnatural causes have had repercussions 
in the distribution, density and dispersal, and the life span of tsetse flies (Van den Bossche et al., 
2000).  
 
2.3.7 The potential effect of climate change on African animal trypanosomosis 
Recently, a Wildlife Conservation Society report identified animal trypanosomosis as one of the 
twelve reported vector-borne diseases likely to be affected by global climate change (WCS, 
2008). Increase in temperature has a strong influence on tsetse distribution and development 
rates of the parasite. Additionally, temperature causes shifting of the geographical range of tsetse 
flies or host populations, altering transmission dynamics or modifying host susceptibility to 
infection (Gubler et al., 2001; Patz et al., 2008). For example, increases in temperature will affect 
pupal development, larval production decreases above a certain threshold, and both pupal and 
adult mortality increase with temperature. Laboratory investigations of tsetse physiology have 
shown that tsetse survival and metabolic rate depend on temperature, with increasing 
temperature raising metabolic rates, causing a need for more frequent feeding and therefore a 
higher risk of infection (Hargrove and Williams, 1998; Harvell et al., 2002; Terblanche et al., 
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2008). The crucial role of temperature in determining tsetse abundance and distribution suggests 
that climate change will probably alter the distribution of tsetse flies throughout affected sub-
Saharan Africa (Moore et al., 2012).  
 
Using modelling, McDermott et al. (2002) studied the probability of the presence/absence of 
each taxonomic group of tsetse flies by 2050 using a current length-of-growing period (LGP), 
which is a composite of temperature and moisture. The findings show future prediction of the 
distribution for each group of tsetse flies. The threshold value of LGP indicates that by 2050 a 
decline in habitat suitability is predicted for all three groups in parts of their northern and 
southern fronts. However, the Morsitans (savanna) and Fusca (riverine) groups are projected to 
have an increase in habitat suitability in parts of east Africa, specifically in southeastern Kenya, 
northeastern Tanzania and the highlands of Ethiopia (McDermott et al., 2002; Baylis and 
Githeko, 2006; Bett et al., 2017). Further, it is predicted that high altitude areas may improve 
tsetse habitat, with an increase in temperature in areas that currently exclude trypanosome 
species owing to low temperature (Baylis and Githeko, 2006; Messina et al., 2012).  
 
2.3.8 Diagnosis  
Animal trypanosomosis is routinely diagnosed on the basis of clinical signs. In some instances, 
the clinical manifestation of AAT (particularly anaemia and severe chronic weight loss) when 
considered with ecological conditions is sufficient grounds for diagnosis (Eisler et al., 2004). A 
majority of animal health practitioners involved in the treatment and prevention of animal 
trypanosomosis in Africa rely on physical examination and clinical signs due to low accessibility 
of diagnostic services. This is particularly common in pastoral communities. However, the 
clinical signs for AAT may appear similar to those of other diseases in endemic areas such as 
East Coast fever, giving a similar clinical picture. For this reason, clinical diagnosis alone is an 
uncertain procedure as a basis for the control of trypanosomosis, and therefore other means of 
diagnosis must be considered whenever possible (Büscher, 2014). Currently, a reasonably 
advanced collection of methods and reagents are available for the diagnosis of animal 
trypanosomosis, applied either in a well-equipped laboratory or in a field environment (see 
Figure 2.7) (Eisler et al., 2004). 
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2.3.8.1 Parasitological tests 
Identification of the trypanosome parasite has been traditionally based on microscopic 
examination of the parasite in host tissues (Bruce, 1895; Forde, 1902). This involves examination 
of wet blood films, Giemsa-stained thick and thin fixed blood films and lymph node aspirates 
with the aid of light microscopes (Murray et al., 1977). The wet blood film method can be easily 
carried out in the field if light microscopy is available. Thin and thick blood smears must be 
fixed in methanol or acetone and stained with Giemsa to visualise the parasites. However, the 
microscopic examination test has low sensitivity and may miss detecting the organism in animals 
with low parasite levels (Büscher, 2014). Other methods involve centrifugation of 
microhaematocrit capillary tubes containing the blood sample, that is the haematocrit 
centrifugation technique (HTC). This method has a low sensitivity and if parasites are seen, their 
morphology may be indicative (Woo, 1970). The HCT was subsequently improved by the buffy 
coat technique (BCT), in which differential diagnoses of the parasite can be achieved by cutting 
the capillary tube and expelling the buffy coat (white blood cells) (Eisler et al., 2004). Blood 
cells form layers in the centrifuged blood sample: erythrocytes at the bottom, plasma on top and 
a layer (buffy coat) of white blood cells (WBC) in the middle. The buffy coat method is 
reasonably sensitive, since trypanosomes have the same density as white blood cells. This means 
parasites will concentrate in the buffy coat, thus facilitating their detection under the microscope. 
Conversely, packed cell volume (PCV) is a more appropriate method for determination of 
anaemia, which is a common clinical sign in animals suffering from AAT (Eisler et al., 2004). 
The haematocrit centrifugation technique (HTC) and buffy coat technique (BCT) are widely used 
in the field because of their low cost and rapid performance (Jannin and Cattand, 2004). The 
major advantage of these two methods is that the diagnostic sensitivity is increased compared to 
other microscopic methods due to concentration of the parasites following centrifugation of 
blood fluid (Paris et al., 1982).  
 
2.3.8.2 Serological tests 
A number of serological tests for trypanosomosis have been developed, including direct and 
indirect agglutination tests, complement fixation tests (CFT) (Lötzsch et al., 1974), indirect 
fluorescent antibody test (IFAT) (Luckins and Mehlitz, 1978), card agglutination trypanosomosis 
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test (Luckins, 1992) and enzyme linked immunosorbent assay (ELISA) (Luckins and Mehlitz, 
1978). However, the equipment required for the IFAT and ELISA methods is sophisticated and 
expensive, thus limiting their use to reference laboratories in developing countries (Jannin and 
Cattand, 2004). Furthermore, the immunofluorescence assay (IFAT) and enzyme-linked 
immunosorbent assay (ELISA) do not deliver good performance for AAT diagnosis, given 
potential cross-reactivity against a range of unrelated species (Büscher, 2014). In addition, these 
tests do not differentiate between current (active infection) and post-treatment (recovered 
animals) infections, restricting their usefulness. Despite these limitations, in the last decade 
(1990–2000) serological tests have been used in epidemiological investigations aiming to map 
and quantify the prevalence and risk of trypanosomosis in affected countries (Eisler et al., 2004).  
 
2.3.8.3 Molecular techniques 
Development of molecular techniques such as the polymerase chain reaction (PCR) has 
significantly addressed the problems associated with microscopic and serological techniques. 
Accurate diagnosis and definitive identification of trypanosomes are clearly useful indicators that 
may offer significant contributions to knowledge of the epidemiology of animal trypanosomosis 
and the long-term control of the disease (Eisler et al., 2004). Molecular techniques are highly 
sensitive and specific in identification of the antigen due to their ability to detect and amplify the 
parasite nucleic acids (DNA and RNA) (Eisler et al., 2004). It is reported that the sensitivity of 
molecular diagnostics is almost three times the sensitivity of microscopic observation of the 
buffy coat (Desquesnes and Dávila, 2002; Namangala and Odongo, 2014). This method is widely 
applied to large numbers of biological specimens such as blood, cerebrospinal fluid, lymph node 
and chancre aspirates, biopsy and histological materials, even from stained microscopic and filter 
papers (FTA® card, Whatman, UK), in which the DNA can be extracted for subsequent PCR 
analysis (Deborggraeve et al., 2008). However, adoption of molecular technology by laboratories 
can be limited, especially in developing countries, not only because of implementation costs but 
also a widespread perception that molecular techniques are highly advanced and complex. 
 
The molecular technique has evolved from species-specific DNA probes (Masiga et al., 1992), as 
well as species-specific polymerase chain reaction tests (Desquesnes and Dávila, 2002). 
Advances in molecular techniques have led to the development of a multispecies PCR that can 
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distinguish all the major pathogenic trypanosomes of domestic animals in a single test, hence 
reducing the overall time and the cost (Desquesnes and Dávila, 2002). The development of the 
internal transcribed spacer (ITS) region of rDNA is a preferred target because it uses a single 
primer set based on ribosomal RNA gene sequences. The test presents the advantages of being a 
multi-copy locus (100–200 copies), having a small size sequence (300−800 bp). It varies from 
one taxon to another but is highly consistent in size in a given taxon, making it preferred as a 
universal diagnostic test (Desquesnes et al., 2001). The ITS has been proven to be of high 
sensitivity in discriminating all species based on amplicon size (Njiru et al., 2005). Thus, the 
PCR (ITS1) has been widely used in the identification of trypanosome species in animal blood 
and in tsetse flies in recent epidemiological investigations (Njiru et al., 2005; Nakayima et al., 
2012; Majekodunmi et al., 2013; Ruiz et al., 2015; Simwango et al., 2017).  
 
Analysis of sensitivity for PCR-ITS1 CF and BR primers with field samples indicate that 
diagnostic sensitivity was higher for Trypanozoon at 38/40 (95%) and T. congolense savannah at 
30/33 (90.9%) but was lower with T. vivax at 25/31 (77.4%) (Njiru et al., 2005).  Another study 
by de Clare Bronsvoort, (2010) describes an evaluation of two diagnostic test systems: specific 
PCR, and a single nested PCR-ITS1 for T. brucei using a T. brucei s.l. The results indicate that 
the system employing the T. brucei s.l. specific PCR (Sensitivity=0.760) had a higher sensitivity 
than the ITS-PCR (Sensitivity=0.640); both had high specificity (Specificity=0.998; 
Specificity=0.997). Both studies provide useful information on sensitivity of the PCR-ITS1. 
Further, the PCR ITS1 is reported as being more cost-effective than alternative PCR techniques. 
Additionally, it is capable of distinguishing many pathogenic species in a single PCR test 
(Desquesnes and Dávila, 2002). This test is most suitable for diagnosing multiple infections of 
trypanosome species in the chronic form of AAT, which is common in endemic countries. The 
PCR (ITS1) is recommended in this situation as one of the most appropriate diagnostic and 
epidemiological tools, easing the cost of conducting several PCR assays, especially important in 
resource-poor countries. The molecular technique PCR (ITS1) was applied in this study to better 
understand the prevalence of trypanosome species in the traditionally grazed cattle in Maasai 
Steppe ecosystem of Northern Tanzania. 
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Another novel molecular test is Loop-mediated isothermal amplification (LAMP), which relies 
on auto-cycling strand displacements by both DNA polymerase under isothermal conditions (60-
65⁰C) (Namangala et al., 2012). The test was designed from the serum resistance-associated 
(SRA) gene of Trypanosoma brucei rhodesiense and has been used in the diagnosis 
trypanosomes in humans (Njiru et al., 2008; Namangala et al., 2012), and animals (Thekisoe et 
al., 2007a; Haji et al., 2015). The LAMP is reported as a rapid and easy to perform test, taking 
within one hour to perform and needing only a heating block for equipment. 
 
      Field methods 
 
 
 
 
 
 
 
 
              
  
        
Research tools 
  
Clinical signs 
 PCV/Hb 
 Wet blood film 
 HCT/BCT 
 MAECT 
Animal inoculation 
 In vitro culture 
 Ab and Ag detection 
 Xenodiagnosis 
DNA hybridisation 
PCR 
Figure 2.7 Methods for diagnosis of African animal trypanosomosis and their relative 
importance as practical field methods for disease control and as research tools: PCV/Hb, 
packed red cell volume/haemoglobin; HCT/BCT, haematocrit centrifugation 
technique/buffy-coat technique; MAECT, miniature anion-exchange centrifugation 
technique; Ab and Ag, antibody and antigen detection (usually by ELISA); PCR, 
polymerase chain reaction. Adapted from Eisler et al. (2004) 
 
2.3.9 Control of animal trypanosomosis  
2.3.9.1 Treatment and prevention of animal trypanosomosis  
Given the lack of an effective vaccine, for several decades control of trypanosome infection has 
relied on chemotherapy and chemoprophylaxis (Giordani et al., 2016; Meyer et al., 2016). 
However, for successful treatment of AAT early and accurate diagnosis is essential. Currently in 
Tanzania, three main drug compounds are used to treat AAT: diminazene aceturate (DA), 
isometamidium chloride (ISM) and novidium (homidium bromide or chloride) (Table 2.2). 
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Table 2.2 Currently available veterinary trypanocides applied in Tanzania 
Name  Trade namesa Administr
ation 
Action Indication Adverse 
effects/other 
information 
Diminazene 
aceturate  
Berenil, Veriben, 
Pirocide, Ganaseg, 
Azidin, Trypan 
IM, SC T T. congolense, 
T. vivax (less active 
on T. b. brucei, 
T.b.evansi)/cattle 
sheep, goats, dogs 
Toxic to horses, 
donkeys, dogs 
and camels. Also 
babesicidal 
Homidium 
Bromide 
 
Homidium 
choride 
Ethidium 
 
 
Novidium 
 
IM (deep 
cattle), IV 
(sheep, 
goats, pigs) 
 
 
P, T 
T. vivax, 
T. congolense (less 
active on 
T. b. brucei)/Cattle, 
sheep, goats, pigs 
IM toxic to 
horses. 
Potentially 
carcinogenic 
Isometamidi
um chloride  
Trypamidium, 
Samorin, 
Veridium, 
Securidium 
IM (deep) P, T 
T. congolense, 
T. vivax (less active 
on T. b. brucei, 
T. b. evansi)/Cattle, 
sheep, goats, 
horses, camels 
Toxic above 2 
mg/kg–1. Avoid 
subcutaneous 
administration. 
Highly irritant. 
Possible local 
reactions in 
Cattle. 
Abbreviations: IM, intramuscular; IV, intravenous; SC, subcutaneous; T, therapeutic action; P prohylactic 
action. 
Note. aTrade names 
 
Currently, there are increasing reports of trypanocidal drug resistance (TDR) for AAT affected 
countries such as Ethiopia, West Africa and Uganda, especially for diminazene and 
isometamidium (Geysen et al., 2003; Delespaux and de Koning, 2007). Typically, drug 
resistance is suspected when treatment fails. However, many factors may be implicated in drug 
failure. These may include improper drug use, especially under-dosage. Failure is also common 
for isometamidium because it is highly irritant at the injection site, and this may affect drug 
absorption, diminishing the levels of drug in circulation, leading to under-dosage (Kinabo, 1993). 
Poor drug quality, including counterfeit products, is another possibility (Sutcliffe et al., 2014). 
Another factor involves incorrect drug usage, possibly from wrong dilution or inaccurate 
estimation of animal weight (Van den Bossche et al., 2000; Grace et al., 2009). Further, poor 
health status of the animal − malnutrition, immunosuppression, concurrent infections for 
example − can contribute to drug failure (Giordani et al., 2016). Cases of TDR are increasing, 
and were reported in 17 affected countries in 2008 (Giordani et al., 2016). It is very likely that 
this number has increased now almost ten years after the report (Delespaux et al., 2008). TDR 
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reports have been associated with the privatisation and liberalisation of the veterinary services 
that took place three decades ago in many African countries (Vitouley, 2014). This practice, in 
which drug purchases and administration are often in the hands of cattle farmers or extension 
workers, who may be under-skilled in AAT differential diagnosis (Van den Bossche et al., 2000), 
and/or with varying levels of veterinary skills (Grace et al., 2009), is believed to have fostered 
the development of drug resistance in recent times. In Tanzania, there are few studies 
investigating the problem of trypanocide resistance (Mbwambo et al., 1998). Given that 
trypanocidal drugs are regularly used for treatment in pastoral communities where the problem 
of AAT is significant (Ngumbi and Silayo, 2017), further studies on trypanonide resistance are 
recommended in these areas. 
 
2.3.9.2 Control of tsetse flies  
The control of tsetse flies in Tanzania started in the colonial era. The control methods during 
colonial rule included aerial spraying with insecticide; this method involves extensive spraying 
of residual insecticides such as dichlorodiphenyltrichloroethane (DDT) and was mainly applied 
in Northern Tanzania, predominantly around Arusha (Hocking et al., 1963). Aerial spraying was 
not considered very efficient since it was hard to minimise losses of insecticide due to spray 
drift, it was difficult to ensure deposition on targets on the ground and it was costly to run (Lee, 
1969). Game destruction was another method applied in the early days. This involved 
widespread mass killing of wild animals and ultimately led to a reduction of trypanosomosis 
cases. Additionally, brush clearing was applied. The method included total removal of vegetation 
or removal of only some types of vegetation that were important to support tsetse flies’ ecology 
(Hocking et al., 1963). The three methods are no longer acceptable because they are 
environmentally destructive and have left some areas with permanent adverse effects, 
exacerbated by drought episodes (Hocking et al., 1963; Lee, 1969; Malele, 2011). 
 
Concerns about the ineffectiveness of methods and damage to the environment motivated the 
development of better strategies. These include the use of chemicals (insecticides) on cattle, traps 
and targets, bait technology and biological controls such as the sterile insect technique. A graphic 
representation of various options for the control of animal trypanosomosis is in Figure 2.8. 
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2.3.9.3 Traps and targets 
Traps are constructed of black and blue insecticide-impregnated fabric screens. Flies are 
attracted by the blue segment, and they funnel upwards into a netting trap. These traps are mainly 
used for entomological surveys and for tsetse control (Pollock et al., 1982). Targets are similar to 
the traps; since both are impregnated with a pyrethroid such as deltamethrin. Insecticidal fabric is 
used for the monitoring and control of trypanosomosis epidemics (Kgori et al., 2006). The 
efficiency of traps and targets can be enhanced by odour attractants e.g. acetone and cow urine. 
Other factors such as the species of tsetse flies surveyed, location (habitat) and type of 
traps/targets used may also influence the efficiency of traps and targets. For example, NGU, 
Epsilon and F3 trap types are markedly superior to the Biconical and Pyramidal traps for G. 
pallidipes and G. brevipalpis (Malele et al., 2011). Further, some targets are found to be more 
efficient when limited to a certain size (Mramba et al., 2013). This control technique is credited 
as the most ecologically friendly technique (Vreysen et al., 2000). In addition, traps and targets 
can be used with the combination of live baits to speed up suppression of the vectors before 
elimination is achieved. In recent years traps have been modified to increase their efficiency in 
catching Glossina spp. in specific environments (Mramba et al., 2013; Malele et al., 2016). 
Despite the method being cost-effective and environmentally friendly, this technique has limited 
implementation in Tanzania due to a lack of proper planning and infrastructure to manage and 
sustain the traps/targets over large areas, and its failure to eradicate residual tsetse populations 
(Hide, 1999). Nevertheless, Tanzania National Parks Authority (TANAPA) has extensively 
utilised the technique to control tsetse flies in wildlife national parks and communities around the 
parks (Muse et al., 2015). Reported drawbacks for the traps and targets have been associated 
with reduced efficiency due to the effect of rain, wind and dust (Kuzoe and Schofield, 2005). 
 
2.3.9.4 Bait technology 
Bait technology can be used with live animals or on moving objects such as sprayed vehicles. 
Cattle are treated with appropriate insecticide formulation, usually by means of cattle dips, pour-
on, spot-on or spray-on applications. The formulations are highly effective against tsetse flies as 
well as ticks. The method has been used in Mkwaja, Mzeri and Kagera ranches in Tanzania since 
the early 1990s (Hargrove et al., 2003; Malele, 2011). The technique is still commonly practised 
and is easily adopted by livestock keepers, particularly the hand spraying method. However, 
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there are challenges associated with the effective use of insecticides, due to farmers diluting 
stock solutions incorrectly and the use of counterfeit products, which may lead to insecticide 
resistance (Magwisha et al., 2013). In wildlife national parks, vehicle spraying has been used in 
recent tsetse control programs. Vehicles traveling into the parks are sprayed with insecticides and 
serve as moving targets. Flies are attracted to the moving objects, which serve as a control 
method of tsetse flies in the national parks. The lower half of a vehicle is sprayed with 
approximately 16 L of Glossinex® diluted to 0.25 mL/L (Muse et al., 2015).   
 
2.3.9.5 Biological control 
Sterile Insect Technique (SIT) has been used as a biological control method that involves 
systematic release of sterile males over a targeted area with large numbers of flies (Vreysen et 
al., 2013). The method has significantly proved its potential for control against riverine and 
savannah tsetse species in Zanzibar Island Tanzania (1994−1997 (Vreysen et al., 2000). Also, the 
project has been successful in other places such as Burkina Faso (1980s) and Nigeria 
(1979−1988). Theoretical models clearly demonstrate that the method is cost-effective and 
efficient as the natural population declines and an increased sterile male population is achieved 
(Vreysen et al., 2013). Despite the advantages of the method, there are numerous challenges 
associated with this technique, such as the quality of the released insects and the requirement for 
a low target population density. Other countries have used SIT as part of an area-wide integrated 
pest management approach in combination with other control tactics to eradicate pest 
populations of Diptera (screw worm fly), Coleoptera and Lepidoptera, in the USA, Mexico, 
Central America and Libya (Vreysen et al., 2013). 
 
Unintentional causes of tsetse control also occur when anthropogenic landscape modifications 
cause the destruction of tsetse habitat. This is influenced by demographic pressure including 
population increase, encroachment of human settlement into undisturbed areas and increases in 
agricultural development. This accidental form of tsetse control is very effective and less 
expensive than deliberate methods, and is increasingly being reported in recent times. It is not, 
however, a feasible approach to tsetse control (Van den Bossche et al., 2010).  
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Figure 2.8 Succinct diagram of the available techniques for the control of tsetse flies and AAT. 
Adapted from Meyer et al. (2016) 
 
2.3.10 Challenges for tsetse control in Tanzania 
Control of tsetse flies across Tanzania has been hampered by a lack of funds or different 
priorities, and subsequent inappropriate policies set by the government. These challenges began 
during large scale economic structural adjustments about three decades ago, and since then tsetse 
fly control programs have not been embraced. Withdrawal of donor support and a reduced role of 
central government in veterinary services have caused the existing tsetse control programs to be 
discontinued. This has impaired research and capacity building, both in terms of infrastructure 
and human resources. A number of government research institutes are no longer productive, nor 
is there tailored training to ensure an ongoing supply of tsetse experts (Malele., 2011). This 
means that control and prevention activities now rely almost entirely on livestock keepers 
themselves, who must operate within their means. This leads to high variation to the standard 
procedures, and hence it increases the risk of incorrect preparation of insecticides and irregular 
use of chemotherapy. This may foster drug/acaricide resistance.  
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Another challenge for AAT control is its total reliance on private sector veterinary services. 
These private services supply insecticides and trypanocides to livestock keepers, the majority 
being pastoralists and agro-pastoralists. Since the private sector trade is unrestricted, livestock 
keepers may find themselves buying sub-standard veterinary products. Although there are 
institutes in the country that are responsible for controlling the quality of these products, 
sometimes the businesses are prone to misconducts (Msellati et al., 2012). 
 
Tsetse control faces other challenges, especially with identified ‘hot spots’ for tsetse breeding. 
These locations are currently confined to protected areas: game reserves and reserved forests. 
Hence effective control can only be achieved by joint efforts between the authorities responsible 
for protected areas like Tanzania Wildlife National Parks (TANAPA), the Wildlife Division in 
the Ministry of Natural Resources, and local governments. The vector will only be eliminated 
from the county through jointly coordinated efforts against tsetse flies. 
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2.4 Climate change and livestock diseases 
2.4.1 Climate change, livestock production and vector-borne disease 
The Fifth Assessment Report of the United Nations Intergovernmental Panel on Climate Change 
concludes that the warming of the climate is unequivocal, and global average surface 
temperature is likely to increase between 0.3 °C and 4.8 °C by 2100 (IPCC, 2013). The effects of 
climate change on livestock production are under-researched compared to research carried out on 
the impact of climate change on cropping systems (Zinyengere et al., 2014; Muchuru and 
Nhamo, 2017). Potential impacts of climate change on livestock production are expected to be 
severe. The effects include changes to the quantity and quality of feeds and forages, water 
availability, livestock diseases, animal growth and productivity and population biodiversity (Fig. 
2.9) (Thornton et al., 2009; Rojas-Downing et al., 2017). 
 
Importantly, there is growing interest in understanding the interaction of climate change and 
disease (Patz et al., 2008; Caminade et al., 2014; Bett et al., 2017). However, to date, the 
majority of studies have focused on human health rather than livestock diseases, thus there is 
limited knowledge on climate change-livestock disease interactions (Van Den Bossche and 
Coetzer, 2008; Thornton et al., 2009). Findings on human, crop and forest pathogens, for which 
long-term data exist, show sensitivity of some pathogens and vectors to climate factors (Pascual 
et al., 2000; Müller, 2013; Caminade et al., 2014; Zinyengere et al., 2014). It is therefore likely 
that pathogens affecting livestock will experience similar climate-driven changes.  
 
The adverse impacts of climate change are already taking their toll on the livelihoods of people 
across Tanzania (Lyimo and Kangalawe, 2010; Theodory and Malipula, 2014; Magita and 
Sangeda, 2017), and to the vital sectors of the country’s economy such as agriculture (crop-
livestock production), health, wildlife and tourism, water resources, energy, forestry and 
wetlands (URT, 2007). Climate change (including climate variability) acts directly and indirectly 
to adversely impact livestock production. 
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2.4.1.1 Direct effects 
The direct effects of climate change are due to increased ambient temperature and heat waves, 
which influence food intake, animal growth, reproduction performance, milk and wool 
production, and general health and welfare of livestock (Thornton et al., 2007; Van Den 
Bossche and Coetzer, 2008; Walter et al., 2010; Rojas-Downing et al., 2015). Heat 
stress decreases feed intake and efficiency of feed conversion resulting in poor growth, 
production and reproduction performance, deprived health and even mortality (Rojas-Downing 
et al., 2015). Some animals are reasonable well able to adapt to higher ambient 
temperature, especially indigenous cattle (Bos indicus), which are more heat tolerant than 
the European B. taurus breeds (Van Den Bossche and Coetzer, 2008; Walter et al., 2010). 
However, the current unprecedented trend of climate change (extremely hot temperatures) may 
even affect B. indicus resulting in reduced feed intake and milk and meat production (Van Den 
Bossche and Coetzer, 2008). Studies are needed to better understand whether increased 
frequency of extreme heat stress is within the range that can be tolerated by the 
existing distributions of different genotypes of cattle in the tropics (Thorntorn et al., 
2009). Changes in the frequency and magnitude of events such as floods have resulted in very 
high mortality among sheep due to Rift Valley Fever epizootics in Kenya (Anyamba et al., 
2002).  
 
2.4.1.2 Indirect e f fec t s  
Indirect effects are changes that influence the quantity and quality of pastures, fodder crops 
and grains, water availability, and severity and distribution of diseases and parasites (Van Den 
Bossche and Coetzer, 2008). Pasture shortages and water scarcity are becoming more 
prevalent in recent times, prompting long-distance migration of livestock keepers in search of 
sufficient pasture. This has led to the death of large numbers of livestock in the dry season and 
has impacted pastoralist livelihood severely across the country (Lyimo and Kangalawe, 2010; 
Shemsanga et al., 2010; Sangeda and Malole, 2013; Theodory and Malipula, 2014; Magita and 
Sangeda, 2017). For example, Longido district lost about 231,832 herds of cattle, 171,435 goats, 
92,235 sheep and 14,600 donkeys during the 2009-2010 droughts (Arusha Times, 2010 and 
URT, 2012). Pastoralists have in the past adapted very well to climate variability. Due to recent 
increasing climate variability, and political and social changes, these populations have become 
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more vulnerable to the impacts of climate change and variability at large, because pastoralists’ 
strategies for coping with climate change and variability have become constrained (Galvin et al., 
2001). Further, climate change affects the ecological sustainability of vector and parasite 
distribution, and thus will lead to changes in the frequency and geographic distribution of some 
livestock diseases. For example, the expansion of bluetongue virus infection into northern 
Europe (Purse et al., 2008) was linked to increases in temperature and changes in moisture 
conditions from 1998 to 2007. The changes increased vector range and competence, and in-
vector virus development rates (Anthony and Philip, 2008). A summary of several impacts of 
climate change on livestock production are presented in Figure 2.9. 
 
 
 
 
 
Figure 2.9 Impact of climate change on livestock  
Adapted from Rojas-Downing et al. (2017) 
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2.4.2 How climate change influences animal diseases 
The effects of climate change on animal diseases vary depending on geographic 
region, land use type, disease characteristics and animal susceptibility (Thornton et 
al., 2009). Global warming and changes in precipitation affect the quantity and spread of 
disease vectors and their relationship with pathogenic organisms. Changes in vector replication 
rates, changes in pathogen proliferation rates and pathogen dissemination, changes in 
vector−pathogen−animal host relationships, and changes in host diversity are illustrated by 
Bett et al. (2017) in Figure 2.10. 
 
 
Figure 2.10 An illustration of direct and indirect pathways through which climate change 
influences livestock diseases. Direct pathways include processes that affect host immunity 
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and/or pathogen and vector development dynamics. Indirect processes include mechanisms 
that destabilise disease ecology, leading to an increase or decrease of contact between 
vectors, pathogens and hosts, or increased persistence of pathogens in an environment. 
Adapted from Bett et al. (2017) 
 
2.4.2.1 Effects on pathogens 
Increases in temperature may accelerate the growth and development of pathogens and/or 
parasites outside their hosts. There may be shorter generation times, with possible increases 
in the total number of generations per year, leading to higher numbers of available 
pathogens with more potential for infection. Conversely, some pathogens and/or parasites are 
sensitive to high temperature and their survival may decrease with warming (Harvell et 
al., 2002; Baylis and Githeko, 2006). Pathogens and parasites that are sensitive to moist or 
dry conditions may be affected by changes to precipitation, soil moisture and the frequency of 
floods. For example, changes in winds may affect the spread of certain pathogens such as FMD 
virus. This virus prefers cool, humid conditions such as those in the UK for transmission (Baylis 
and Githeko, 2006). Further, extreme weather events such as flooding can carry a risk of enteric 
pathogens such as Cryptosporidium and enterohaemorrhagic Escherichia coli emerging as 
diffuse pollution in run-off from agriculture land. This scenario poses a risk to animal and human 
populations (Abdela and Kula, 2016). 
 
2.4.2.2 Effects on vectors 
Arthropod vectors are cold-blooded organisms (ectothermic) that are subject to many 
environmental factors. Changes in temperature, precipitation and humidity, floods and droughts 
and sea level rises can influence their survival, development and behaviour, as well as their role 
in disease transmission (Patz et al., 2008). Often low temperatures limit vector distribution 
because of high winter mortality and a relatively slow rate of population recovery during 
warmer seasons. Conversely, high temperatures can limit vector distribution because they 
promote excessive moisture loss. Therefore, cooler and high-altitude regions which were 
previously too cold for certain vectors may see an increase in vector numbers with climate 
warming (Purse et al., 2008). Warmer regions could become even warmer and yet remain 
permissive for vectors if there is also increased precipitation or humidity (Abdela and Kula, 2016). 
By contrast, these regions may become less conducive to survival of vectors if moisture levels 
72 
 
decrease or remain unchanged, with concomitant increase in moisture stress (Bett et al., 2017). 
Changes to temperature and moisture will also lead to increases or decreases in the abundance 
of many disease vectors such as teste fly and ticks in endemic countries of Africa. For instance, 
hot humid weather has been found to increase the infestation of specific species of ticks (Kumar 
et al., 2004). Expansion of bluetongue virus infection into northern Europe (Purse et al., 2008) 
was linked to increased temperature and changes in moisture conditions from 1998 to 2007 that 
increased vector range and competence, and in-vector virus development rates (Anthony and 
Philip, 2008). In addition, biting midges and mosquito-borne disease outbreaks have been linked 
to the more frequent occurrence of the phenomenon of El Niño in recent times (Kovats et al., 
2001; Anyamba et al., 2002). El Niño is a phase of the Southern Oscillation (ENSO), a 
temporary warm period (ocean surface increases by a few degrees) predicted to increase in 
frequency and intensity due to climate change (IPCC, 2015). 
 
Insects can become or remain infected with viruses as temperature varies. Usually, an increase in 
temperature will modify the balance between lifespan and extrinsic incubation period (EIP), 
increasing or decreasing the proportion of infected vectors capable of virus transmission. This 
effect is more significant for short-lived vectors, for example mosquitoes and biting midges 
(Sutherst, 2004). A rise in temperature will influence the feeding frequency of arthropods; this 
means vectors must feed twice or more on suitable hosts before transmission is likely to 
occur. For many blood-feeding arthropods, feeding frequency is determined by the time 
required for egg development. Laboratory studies of tsetse physiology indicate that Glossina 
species survival and basal metabolic rates increase with temperature (Moore et al., 2012). 
Additionally, changes in wind pattern and movement have been linked to epidemics of many 
culicoides and mosquito-borne diseases (Sellers et al., 1982; Sergeant, 2017), such as the 
bluetongue outbreak in Great Britain during 1998 (Baylis and Githeko, 2006).  
 
2.4.2.3 Effects on hosts 
The effects of climate change on hosts include increasing exposures and contact rates to new 
pathogens and/or parasites, such as may particularly occur during feed shortage in the dry season 
when animals need to move greater distances in search of adequate food (Abdela and Kula, 
2016). Furthermore, heat stress lowers host immunity (Grace et al., 2015). In addition, cellular 
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immunity is compromised by lymphocyte depletion as an effect of the loss of the ozone layer (de 
Gruijl et al., 2003), making animals more susceptible to infection by viruses, rickettsia and 
bacteria (Baylis and Githeko, 2006). Further, prolonged exposure to ultraviolet radiation may 
diminish an animal’s response to vaccination (de Gruijl et al., 2003). Therefore, continued 
depletion of the ozone layer would possibly have the impact of increased animal diseases in 
the future. 
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2.5 Participatory epidemiology and triangulation 
2.5.1 Participatory epidemiology concepts and origin 
Participatory methods in agriculture started in the early 1970s when it was confirmed that 
formal information-gathering methods were not suitable for the design and implementation of 
rural development programs in developing counties (Chambers, 1983). By the mid-1970s, 
bottom-up development was viewed as a participatory approach and became central to 
development strategies for international donors and non-government organisations (NGO). 
This approach allows unlimited local interest or commitment to support or sustain project 
development activities (Pretty, 1995). As a result, the Participatory Rural Appraisal (PRA) 
concept developed from the adult education movement, with emphasis on local understanding 
and action within communities (Chambers, 1994; Catley et al., 2012). It was realised that, 
regardless of little/no formal education and poor living conditions, people were able to 
conduct their own inquiries and analyses, and importantly to design, plan and support 
initiatives to solve their local issues. The PRA concept continued to evolve through social 
anthropology in the 1980s when international development on human health and agriculture 
research was growing. There was increasing recognition of, and attention to, ‘indigenous 
technical knowledge’ and consideration of it in project development. Another drive for 
development of PRA in the early 1980s arose from the agroecosystem. This was a system 
based mainly on a qualitative approach that allowed farmers to become directly involved in 
local context specific research and analysis (Conway, 1985).  
 
As PRA continued to evolve and become more multi-disciplinary during the 1980s 
(Chambers, 1994), veterinarians and social scientists started to use participatory approaches 
in community-based animal health systems in Africa, India and Afghanistan, based on 
participatory inquiry with livestock keepers (Leyland, 1991). Since in these projects livestock 
health was the main focus, the term participatory epidemiology began to be commonly used 
to describe veterinary applications of PRA-type approaches (Catley et al., 2012).  
 
Participatory epidemiology (PE) can be defined as an emerging field based on 
epidemiological approaches and methods that recognise it is essential to involve communities 
in defining and prioritising veterinary-related problems. PE particularly involves community 
observations and draws on indigenous knowledge and traditions, enabling the community to 
describe disease syndromes using definitions in their local language, and to communicate 
75 
 
their perceptions of disease patterns and causal associations (Catley et al., 2012). Use of 
simple illustrations and local materials to represent disease symptoms and risk factors enables 
informants to participate actively regardless of their educational background (Catley, 2006). 
It is a particularly useful and reliable approach to enable livestock keepers to engage in 
investigating animal health problems in highly mobile herds and insecure pastoral settings 
with poor infrastructure and low levels of literacy. In these settings, conventional veterinary 
investigations and epidemiological methods are constrained by various operational and 
resource limitations. To date, PE has been applied in disease investigations to understand 
complex or uncertain aetiology − such as the chronic form of foot-and-mouth disease (Catley 
et al., 2004) and in disease eradication, for example to support rinderpest eradication in East 
Africa (Mariner and Roeder, 2003). Further examples of its application are community-based 
animal health systems, disease impact assessment, and disease surveillance and control. 
Examples are high pathogenic avian influenza in East Asia (Azhar et al., 2010), and climate 
change experience and disease associations as applied in this research work. 
 
2.5.1.1 Participatory epidemiology methods  
The participatory methods applied in PE include semi-quantitative methods such as group 
discussions and semi-structured interviews (SSI). The SSI is a guided conversation with a list 
of mainly open-ended questions on research themes that are asked by the interviewer. The 
structure is flexible in that a question can be phrased and rephrased to align with the interest 
and unexpected responses of participants (Pretty, 1995; Catley et al., 2012). Visualisation 
methods are also used, involving the construction of diagrams such as participatory mapping, 
seasonal calendars and proportional piling. These do not require participant/s to be literate, 
and can be carried out using local materials (Conway, 1985). Seasonal calendars and 
proportional piling use heaps of counters enable numerical recording that can be summarised 
and analysed using conventional statistical tests (Catley et al., 2001; Catley et al., 2002; 
Barasa et al., 2008). Scoring and ranking require informants to compare different variables by 
either ranking – expressed as position on a scale – or scoring counters (response), giving a 
measure of total ‘points’ (Catley et al., 2012). Scoring is more sensitive than ranking when 
exploring disease impacts and can incorporate a weighting of the response (Admassu et al., 
2005).  
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2.5.1.2 Challenges and opportunities for PE approaches 
A challenge with PE findings can arise when there are differences between community 
priorities and national priorities, which in turn may affect participation and the level of 
agreement over the subject under discussion. Accordingly, ‘participatory surveillance’ can be 
hindered by the contrasting objectives of participants and of national or district-level 
government veterinarians (Catley et al., 2012). Additionally, PE methods may be associated 
with recall bias and other forms of information bias.  
 
After many years of decline in government veterinary services in developing countries, the 
use of PE has, however, demonstrated its value in helping researchers and government 
epidemiologists to reconnect with livestock keepers, and to gain a better understanding of 
diseases from a local perspective, particularly in remote areas. PE has become more 
appropriate in pastoral communities characterised with herd mobility and also in war-conflict 
zones. For this study, we applied the PE approach to better understand pastoralists’ 
experiences and observations of climate change, and the occurrence of ECF and AAT. We 
used participatory methods such as the seasonal calendar, participatory mapping, and a 
timeline for the past thirty years to better understand the potential effect of climate change on 
the epidemiology of ECF and AAT. These methods helped to understand the grazing areas 
and water points including changes in vegetation cover, wildlife-livestock interaction areas, 
seasonal movements of animals, and hot spots for trypanosomes and vectors, and other 
relevant information required for this research. 
 
2.5.2 Triangulation  
Triangulation is the use of a variety of methods to study the same research problem with a 
view to exploring the question from different angles (‘mixed-method’ research) (Duffy, 1987; 
Butiu and Pascaru, 2014). Triangulation has key elements for testing validity of qualitative 
research through convergence of information from different methods (Carter et al., 2014). 
The method can be considered in three scenarios. Data triangulation occurs when 
observations are gathered by using multiple sources of data, or different sampling strategies 
are applied in the same study. Investigator triangulation is the use of multiple 
observers/interviewers in a particular study. Finally, methodological triangulation is a 
common practice that involves the use of two or more methods in data collection within a 
single study. The most common ‘mixed-method’ research is when both quantitative and 
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qualitative methods are used together (methodological triangulation) (Duffy, 1987) for the 
purpose of enabling a more complete understanding of the phenomenon being studied 
(Mertens and Hesse-Biber, 2012). This approach increases the validity, utility and 
trustworthiness of the research findings since it allows the researcher to investigate the matter 
from different perspectives and to identify discrepancies (Bandyopadhyay, 2015; Schut et al., 
2015). Typically, qualitative research involves the systematic collection, organisation and 
interpretation of textual material derived from discussions or observations (Duffy, 1987; 
Carter et al., 2014) such as focus group discussion (FGD) and key informant interviews (KII), 
and thus provides more detailed understandings of the issue being investigated. Another way 
to apply the mixed-method approach is to use different data collection methods within either 
the quantitative or the qualitative domain (Garces et al., 2010). For example, the use of 
participatory epidemiology in this study employs different methods (data triangulation or 
within-PE method triangulation) to measure the same research question variables on 
epidemiology of cattle vector-borne diseases. This improves validity of information for the 
research. Further, quantitative methods were applied to collect information about disease 
occurrence in animals during contrasting seasons and about knowledge, attitudes and 
practices of cattle owners on cattle vector-borne diseases (Figure 1.1). Triangulation of 
qualitative and quantitative approaches in this research was used to allow the methods to 
complement each other and to overcome the inherent limitations of each individual method, 
and to extend understanding of the research findings within the Maasai pastoralist context. 
Focus group discussions (FGD) and Key informant interviews (KII) were also conducted by 
the PhD candidate to further explore pastoralists’ observations of climate change and to 
document adaptive responses to the impacts of climate change on cattle health, and to 
consider their effectiveness and sustainability; however, these are not reported in this thesis. 
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CHAPTER THREE: CLIMATE CHANGE AND CATTLE VECTOR-BORNE 
DISEASES: USE OF PARTICIPATORY EPIDEMIOLOGY TO INVESTIGATE 
EXPERIENCES IN PASTORAL COMMUNITIES IN NORTHERN TANZANIA 
 
PROLOGUE 
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The indigenous knowledge and experiences, and observations regarding the association 
between ECF and AAT and climate parameters is documented in this chapter. Various 
participatory epidemiology tools were utilised to collect information from pastoralists’ 
perspectives for this investigation and these are clearly explained in this chapter. Further, 
pastoralist experiences and observations in relation to ECF and AAT occurrence, competent 
vector abundance and climate and environmental parameters over a 30 year period (1984-
2014) are also presented in this chapter.  
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Abstract 
Climate change is predicted to increase incidence of vector-borne diseases in humans, 
however, little is known about the impact of such diseases in livestock. In the absence of 
historical data with which to examine the inter-relation between climate and disease, 
participatory epidemiological (PE) methods were used with Maasai pastoralists of Monduli 
District, northern Tanzania to establish local observations on two major vector-borne diseases 
of cattle, namely East Coast fever (ECF) and African animal trypanosomosis (AAT). Data 
collection involving gender segregated groups (10 men groups and nine women groups) was 
undertaken in 10 randomly selected villages between November 2014 and March 2015. ECF 
and AAT were ranked among the top five most important cattle diseases with strong 
agreement across informant groups (Kendall’s W=0.40 for men and 0.45 for women; 
p<0.01). Matrix scoring for both men’s and women’s groups confirmed that Masaai easily 
recognise these diseases. All groups associated ECF with the wet and cool dry seasons. AAT 
was more variable throughout the year, with more cases reported in the long dry season. 
Likewise, pastoralists reported differences in seasonal occurrence of disease vectors 
(Rhipicephalus appendiculatus and Glossina spp.) by village. Comparing 2014 to 1984, 
participant groups consistently reported declines in rainfall, vegetation cover and quality 
pasture, as well as increases in severe droughts. Experiences with ECF/AAT and vector 
abundance between these time periods were more variable across villages, and likely relate to 
changes in climate and animal management practices over the last 30 years. This baseline 
study is the first to document the inter-relationship between climate and cattle vector-borne 
disease from the pastoralist perspective. Findings from this study reveal a complex interplay 
between human, animal and environmental factors, an understanding of which is urgently 
required to devise approaches to mitigating effects of climate change in these vulnerable 
areas.  
Keywords 
Climate change, East Coast fever, African animal trypanosomosis, participatory 
epidemiology, pastoralists, northern Tanzania 
 
107 
 
3.1 Introduction  
Cattle vector-borne diseases (VBDs), especially East Coast fever (ECF) and African animal 
trypanosomosis (AAT), are one of the major constraints to improved cattle production and 
productivity in Tanzania (Haji et al., 2015; Laisser et al., 2017). East Coast fever is caused by 
the haemoprotozoan parasite, Theileria parva, and is transmitted by the brown ear tick 
(Rhipicephalus appendiculatus) (Gul et al., 2015). The disease is present in eastern, central 
and southern Africa, where it causes high mortality, morbidity and other production losses 
(Gachohi et al., 2012). African animal trypanosomosis is a blood-borne parasitic disease 
caused by various trypanosome species and transmitted by the tsetse fly (Glossina spp.) 
(Masumu et al., 2012); AAT occurs mainly in 38 countries of sub-Saharan Africa. The 
disease causes anaemia, severe emaciation, infertility and significant losses in milk and meat 
yield (Holt et al., 2016). Combined, these diseases cause considerable economic losses to 
individual farmers and to the affected nations. For example, estimated total annual economic 
losses for ECF (associated with treatment, mortality and control costs) in affected regions 
was estimated at US$168 million (Mukhebi et al., 1992); this figure is likely considerably 
larger today given that the disease remains a widely reported and leading cause of cattle 
death. Similarly, AAT is estimated to decrease livestock productivity by 20% to 40% in tsetse 
fly infested areas, causing estimated losses of more than US$3 billion annually in sub-
Saharan Africa (Hursey, 2001; Swai and Kaaya, 2012).  
 
The United Nation’s Intergovernmental Panel on Climate Change (IPCC) has identified 
VBDs among the diseases most likely to be influenced by the current unprecedented climate 
change (IPCC, 2007, 2013). Increased temperature, erratic precipitation, and frequent 
droughts and floods resulting from global climate change are expected to influence vector 
ecology and VBD transmission to humans and animals (Kovats et al., 2001; Zell, 2004; Bett 
et al., 2017). To date, research into the potential effect of climate change has principally been 
directed toward human vector-borne diseases, such as malaria (Caminade et al., 2014), 
dengue (Naish et al., 2014) and chikungunya (Fischer et al., 2013). The potential impact on 
livestock VBDs has received notably less attention (Van Den Bossche and Coetzer, 2008; 
Thornton et al., 2009). One investigation, the comprehensive work that evaluated the recent 
costly expansion of bluetongue virus infection into northern Europe (Purse et al., 2008), 
linked increases in temperature and changes in moisture conditions from 1998-2007 to 
increases in vector range, vector competence and in-vector virus development rates, as well 
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as to transmission to non-traditional vector species. This example highlights the need to better 
understand the potential effects of climate change on the occurrence and distribution of 
vector and host populations and subsequently on the occurrence of vector-borne livestock 
diseases (Anthony and Philip, 2008). 
 
Pastoral communities of Eastern Africa live in some of the harshest and least developed 
environments in the world (Kipronoh et al., 2011; Byaruhanga et al., 2015). The increasing 
climate change and extreme weather events in arid/semi-arid areas, rendering pastoralists 
highly susceptible to the impact of climate change in these areas (Galvin et al., 2001). 
Although, pastoral communities in East Africa have been able to cope with the climate 
variability very well in the past, their strategies, based on centuries of exposure to periods of 
drought are regarded less effective in recent times due to various constraints brought by 
demographic changes, political and social-economic changes (IPCC, 2001). Furthermore, 
these areas have limited animal disease surveillance and veterinary services despite heavy 
dependence on livestock production for livelihood (Onono et al., 2013; Byaruhanga et al., 
2015). To enable effective animal disease control, forethought is required regarding likely 
changes in VBD occurrence and distribution, and about preparedness of pastoralist 
communities to manage such changes. 
 
The use of conventional animal health surveillance in pastoral settings is limited due to 
traditional practices, such as herd migration, that constrain data collection by standard 
methods (Byaruhanga et al., 2015). Participatory epidemiology (PE) is a relatively new 
approach to gathering animal health data and its utility in pastoralist communities across 
Africa has been demonstrated (Catley et al., 2012). PE methods evolved from Participatory 
Rural Appraisal (PRA) in the 1970−1980s (Chambers, 2007; Mariner et al., 2014) and have 
been widely used in developing countries, and more recently in developed countries (Catley 
et al., 2012; Harding et al., 2014). The methods engage communities/livestock keepers to 
gather qualitative and semi-quantitative information about animal health issues (Malak et al., 
2012; Catley et al., 2014). Importantly, the approach is relatively cheap and offers a means to 
rapidly generate baseline information in marginalised and resource-poor areas (Catley et al., 
2012).   
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Maasai pastoralists in northern Tanzania are particularly vulnerable to the impacts of climate 
change, given the importance of cattle to their livelihood and the increasing impacts of 
climate change and variability in their home lands. Therefore, this study was designed to 
investigate indigenous knowledge, experiences and observations regarding the association 
between ECF, and AAT and climate parameters using PE techniques. 
 
3. 2 Materials and Methods 
3.2.1 Study area 
This study was conducted in Monduli District of Northern Tanzania, situated between 
latitudes 3⁰.29′59″ south and longitude 36⁰.45'27″ east. Monduli is part of the Maasai Steppe 
landscape and is one of five districts of the Arusha region. The district has two major agro-
ecological zones. The highland zone comprises isolated mountains with average altitude of 
2000 m above sea level; the main economic activities are crop production and livestock 
keeping. The lowland zone comprises arid/semi-arid lands with areas ranging from altitudes 
of 600 m to 1200 m above sea level; livestock keeping is the main economic activity in this 
zone.  
 
Monduli has a bi-modal rainfall pattern with the short rains occurring between November and 
December and the long rains occurring between March and May. Annual rainfall averages 
range from 200 to 900 mm and varies according to agro-ecological zone, with lower averages 
in the lowland zone and higher averages in the highland zone (ADF, 2003; Msoffe et al., 
2011). 
 
Monduli District was selected for this study because it is: (i) homeland to pastoralist 
communities that depend largely on livestock for their livelihood; (ii) comprised of mostly 
arid/semi-arid lands that have experienced climate variability and change including 
increasing drought periods and unpredictable rainfall (Theodory and Malipula, 2014 ) and 
(iii) known to experience relatively high levels of cattle VBDs, including ECF and AAT 
(Swai et al., 2007; MLDF, 2012; Haji et al., 2015). 
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3.2.2 Selection of villages and participants 
A list of all pastoralist villages in the lowland ecological zone was obtained from Monduli 
Livestock Department and 10 villages were randomly selected for this study by drawing 
names from a hat (Figure 3.1). The research team visited the selected villages to introduce the 
project to the village leaders. The research team and village executive officers worked 
together to select potential participants according to agreed criteria, namely that participants 
were: (i) men and women of at least 45 years of age (that is, old enough to have been 
involved in community life 30 years ago and therefore able to recall animal disease and 
climate events from that time); (ii) cattle owners and (iii) not village leaders or those with 
particular influence in the community. 
 
 
 
Figure 3.1 Map of Monduli District in Northern Tanzania showing the 10 villages 
randomly selected for this study 
 
3.2.3 Data collection 
3.2.3.1 Ethical considerations  
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Data collection through village meetings was carried out from November 2014 to March 
2015. Ethical clearance was obtained from the research ethics committee at the University of 
Sydney, Australia, and Tanzania Commission for Science and Technology (COSTECH; 
No.2013-241-NA-2014-175). To avoid introducing bias, the project was described at all 
times as a study on ‘cattle health problems and management’ rather than specifying cattle 
VBDs of interest or climate change. The selected participants were notified by sending out 
individual letters explaining the study, inviting participation and stating meeting dates, times 
and venues. Verbal consent was obtained from all participants as reflected by their 
willingness to attend and contribute to the meetings. Gender segregated group meetings were 
organised to gain robust perspectives representing the entire community. The interviews were 
primarily conducted in the national language, Kiswahili. Masaai language was used with the 
help of an interpreter in the two villages where pastoralists were not fluent in Kiswahili.  
 
3.2.3.2 Participatory epidemiology methods 
PE tools applied included simple ranking, proportional piling, matrix scoring, seasonal 
calendars, modified timelines and participatory mapping (Catley et al., 2012). Stones were 
used as counters for scoring and ranking purposes. Group meetings were conducted with two 
sessions per group (men and women). Each session ran for approximately two hours, during 
which three activities were completed. Research team members ensured all participants in the 
discussion group had an opportunity to express their opinions, and that discussion was open 
and not dominated by one or a few individuals. Participants were given enough time to 
discuss and reach a consensus. All group meetings were recorded using a voice recorder. At 
the end of each activity stones were counted and recorded and photographs were taken. 
 
Three researchers (lead facilitator [EK], assistant facilitator, note taker) were involved during 
data collection activities. Also intermittently, a translator was involved in some villages 
where Maasai had some difficult in understanding Kiswahili language. Research team 
members were trained in PE techniques prior to study commencement by a well-established 
PE expert. Each activity was conducted using the same procedure in all ten villages for the 
separate groups of men and women. The procedure for each activity was pre-tested in one 
non-selected village in Monduli District during training and was adjusted accordingly. The 
pre-test village results were not included in this report. 
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3.2.3.2.1 Types of domestic animal species kept and grazing system 
As an introductory exercise, and to gain insight into livestock keeping practices, participants 
were asked to explain the types of livestock species they kept and to describe basic 
management practices using a semi-structured group interview approach.  
 
3.2.3.2.2 Simple ranking of cattle diseases 
Simple ranking was carried out by asking participants to name all cattle diseases that affect 
their herds. Participants named the diseases in the local language and also gave a description 
of each disease to familiarise researchers and other participants with the disease. The 
mentioned diseases were written on cards. Participants were then asked to rank them in 
descending order of importance related to occurrence and severity of disease. Probing 
questions were used to identify reasons as to why one disease was considered more important 
than the other. This process enabled participants to reach consensus on the five most 
important cattle diseases in their respective study village (Catley et al., 2012; Byaruhanga et 
al., 2015).  
 
3.2.3.2.3 Proportional piling to identify relative importance of cattle diseases 
Proportional piling was used to better understand the relative importance of the top five cattle 
diseases in each study village. In this instance, pastoralists were asked to define ‘importance’ 
as the impact of the disease on their livelihood (e.g. combination of factors including 
morbidity and mortality, treatment costs, negative economic impact and rates of 
transmission). The top five cattle diseases identified in the simple ranking activity were 
written on cards and placed on cardboard on the ground. Participants were then given 100 
stones to distribute among the top five important diseases of cattle to reflect relative level of 
importance. 
 
3.2.3.2.4 Matrix scoring of cattle diseases 
Matrix scoring was used to document the participants’ understanding of the association 
between specific cattle diseases, clinical signs and insect vectors. Simple matrices were 
constructed on large flip charts with eight clinical signs: high fever, diarrhoea, lacrimation, 
swollen lymph nodes, salivation, coughing, loss of tail hair, circling, and two vectors 
(Rhipicephalus appendiculatus and Glossina spp.) on the Y-axis. Five cattle diseases: ECF, 
contagious bovine pleuropneumonia (CBPP), foot and mouth disease (FMD), bovine cerebral 
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theileriosis (BCT), AAT were presented on the X-axis. The five cattle diseases were selected 
by researchers based on the study objectives (focusing on ECF and AAT) as well as results of 
the pilot study and prior information on disease occurrence in the area, as obtained from the 
District Veterinary Officer. For each clinical sign or vector, participants were asked to 
allocate 30 stones in proportion to their relationship to different diseases. Thirty stones were 
chosen since five or six stones per disease are considered sufficient to show differences 
between diseases (Catley and Aden, 1996; Catley et al., 2012). The number of stones 
allocated to each cell in the matrix was counted and recorded, with higher scores indicating a 
stronger association between a disease and the clinical sign or vector.  
 
3.2.3.2.5 Seasonal calendar 
A seasonal calendar was constructed to establish relationships between cattle diseases, vector 
abundance and seasons. A researcher drew a horizontal line on a flip chart and explained that 
the line represented one full year with 12 months. The line (X-axis) was then divided into 
five seasons that were determined during the pilot survey, i.e. January−February (aladalo – 
short dry season), March−May (alari – long rains), June−July (engijabe – cool dry season), 
August−October (alamei – long dry season), and November−December (orkisirata – short 
rains). The variables of interest for this study were placed along the Y-axis and included two 
climate parameters (rainfall, temperature), the five cattle diseases, and the two vectors (R. 
appendiculatus and Glossina spp.). Actual specimens of insect vectors were provided for 
participants to view. For each variable in turn, participants were asked to indicate the relative 
distribution between seasons using 30 stones. After all 30 stones were allocated, participants 
were asked to move stones as needed, until they achieved agreement. Following completion 
of the stone allocation exercise, a facilitator used probing questions to understand the 
participants’ reasoning regarding the differences in distribution of disease occurrence and 
vector abundance between seasons.  
 
3.2.3.2.6 Historical climate events and modified timeline 
Timeline methods as part of informal interviews are often used to gather information on the 
historical occurrence of livestock diseases (Catley, 2005). The method used here was to 
collect information on pastoralists’ observations on climate change and extreme weather 
events, and on reported cattle diseases. The facilitator explained to participants that the aim of 
the modified timeline was to learn about key weather events that the village had experienced 
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and observed over the last 30 years and which were related to animal health. As an 
introduction, the research facilitator asked participants to describe the major weather and 
animal health related events that had occurred in their respective village over the last 30 years 
(i.e. from 1984 to 2014). After this initial activity was completed, a timeline matrix was 
drawn on a flip chart with two columns representing the current time (2014) and the time 30 
years ago (1984). A series of variables was then listed as rows (X-axis) including two climate 
parameters (rainfall, severe drought), two environmental parameters (vegetation cover, 
availability of good pasture), two vectors (R. appendiculatus and Glossina spp.) and two 
diseases (ECF, AAT).  For each variable in turn, participants were asked to allocate 30 stones 
between 1984 and 2014 to illustrate the comparative level in each of these years. The year 
with more stones indicated a stronger relationship between the year and the variable in 
question. Probing questions were asked by the facilitator to explore pastoralists’ knowledge 
and beliefs regarding possible reasons for the changes in climate, disease levels and vector 
abundance.  
 
3.2.3.2.7 Participatory mapping 
Participatory mapping was carried out to better understand a number of relevant 
epidemiological features for this study. These features include changes in cattle grazing 
patterns, seasonal movements of cattle, cattle–wildlife interactions and vector hotspots, as 
well as location of watering points, operating dip tanks, cattle crushes or other facilities for 
delivering mass vaccination programs. Participants were invited to draw a village map 
highlighting these features as guided by the facilitator.  
 
3.2.4 Data management and analysis  
Both qualitative and numerical data (scores and ranks) were collected in this study. 
Qualitative data are presented without being subjected to formal statistical analyses. 
Quantitative data were entered into Excel 2010 (Microsoft Corporation) and exported to 
GenStat (release 18.1, VSN International Ltd.) for analysis. Data for simple ranking, 
proportional piling, matrix scoring, and modified timelines involved the small numbers of 
participants and statistical power was not considered in determining sample size for this 
study. These data were summarised using medians and ranges. Level of agreement between 
informant groups was assessed using Kendall’s coefficient of concordance (W) (Siegel and 
Castellan, 1988). Mann-Whitney tests were used to analyse differences between men and 
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women observations of climate, disease level and vector abundance. Within each gender 
group, the difference between 1984 and 2014 was analysed using Wilcoxon signed-rank tests. 
Graphing and mapping were performed in Prism (release 7, GraphPad software, Inc.) and 
ArcGIS (release 10.2 Environmental Systems Research Institute), respectively.  
3.3 Results 
3.3.1 Composition of the groups  
Group meetings were conducted successfully in all 10 villages with one exception; women in 
Donyonaado did not attend the scheduled meetings. The number of participants at each 
meeting ranged from six to 30 for both male and female groups, with an average of 15 
participants. Although the target number of invited participants was about 20 per group, in 
two villages a few younger adults attended the meetings uninvited and it was not possible to 
exclude them. Total number of 257 participants attended PE group meetings, these involved 
ten groups of men and 9 groups of women. 
 
3.3.2 Types of domestic animal species kept and grazing system 
Participants reported that they kept cattle, goats, sheep, donkeys, chickens, dogs and cats.  
Pigs were not reported in any village and probing questions confirmed that pastoralists do not 
keep pigs. Reasons stated for this included the fact that there was no history of pig husbandry 
in these Maasai communities, and that keeping pigs was considered impractical due to 
pastoralist’s lifestyle as well as water scarcity.  
 
All participants reported an extensive grazing system for cattle. Cattle were reported to be 
primarily grazed close to homesteads within their home villages during the long rainy season 
and moved to neighboring villages or districts to search for adequate pasture and water during 
the long dry season.  
 
3.3.3 Cattle diseases  
Pastoralists used Maasai names to identify diseases that they associated with particular 
clinical signs and internal lesions. Participants often first referred to specific clinical signs of 
the diseases and probing was used by the facilitator until researchers and participants 
understood and agreed on the classification and characteristics of each disease that was being 
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discussed. A total of 15 cattle ‘diseases’ were identified across the 10 villages (Table 3.1) 
with ECF, CBPP, AAT, FMD and BCT being the most frequently identified. ECF was the 
top ranked disease in 18 of 19 informant groups, while AAT was ranked among the top five 
diseases by 13 of 19 informant groups. Proportional piling scores were lower for AAT 
compared to ECF. Overall, there was a strong statistical agreement in the ranking of all 15 
cattle diseases across the 19 informant groups (W=0.39; P<0.01; n=19).    
 
In all 10 villages, men groups ranked ECF among the top five important cattle diseases along 
with FMD, CBPP, AAT and BCT (Table 3.2). Kendall’s coefficient of concordance (W) for 
proportional piling indicated good statistical agreement among all 10 men groups (W=0.40; 
P<0.01; n=10). For women groups, results were largely similar to findings from men groups, 
with a good level of agreement across villages (W=0.45; P<0.01; n=9) (Table 3.2). 
However, in some villages women participants ranked brucellosis and blackquarter among 
the top five important cattle diseases, while anaplasmosis was listed only by men (Table 3.1) 
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Table 3.1 Important cattle diseases as ranked by groups of pastoralist men and women in Monduli District, Tanzania, 2015 (n=19). In 
addition to the overall rank, proportional piling scores for the five most important cattle diseases as ranked by each group are shown. 
Local names of diseases are shown in italics. No results were available for Village 4 women group (shaded). 
 
Rank Cattle disease  
V01 V02 V03 V04 V05 V06 V07 V08 V09 V10 
M F M F M F M F M F M F M F M F M F M F 
1 ECF Oltikana 24 17 16 23 17 24 23 
 
35 
 
32 36 9 22 29 32 26 18 20 39 
2 CBPP Orkipei 11 16 48 18 30 23 
  
25 8 26 19 22 12 21 25 
 
31 
  
3 AAT Ndorobo 39 13 
 
15 16 20 
  
7 
  
4 
  
33 22 12 3 21 11 
4 FMD Oloirobi 4 
 
11 
  
11 8 
 
19 
 
18 21 11 
 
4 8 18 
 
30 4 
5 BCT Ormilo 22 30 5 27 33 22 
   
39 
  
53 34 
      
6 Alakirikiria  
      
18 
      
19 
 
13 
 
5 9 17 
7 Nadendolitb  
 
24 
    
36 
  
26 
          
8 MCF Eng’ati 
         
20 18 
       
20 
 
9 Anaplasmosis 
      
15 
 
14 
     
13 
     
10 Anthrax 
  
20 
 
4 
    
7 
          
11 Babesiosis Olodkolak 
          
6 20 5 
       
12 Plastic bags Nylon 
                
31 43 
  
13 Poisonous plants 
                
13 
  
29 
14 Brucellosis 
   
17 
                
15 Blackquarter 
             
13 
      
  Wc=0.39, P<0.01 
a Local name for disease characterised by sudden onset of fever 
b Local name for disease characterised by depletion of bone marrow 
c Interpretation of Kendall’s coefficient of concordance: W<0.26, P>0.05 (weak agreement); W=0.26–0.38, P<0.05 (moderate agreement); W>0.38, P<0.01 
(strong agreement)  
M = Men informant groups; F = Women informant groups; V1-10 = Study village number (see below); ECF = East Coast fever; CBPP = contagious bovine 
pleuropneumonia; AAT = animal trypanosomosis; FMD = foot and mouth disease; BCT = bovine cerebral theileriosis; MCF = malignant catarrhal fever. 
V01 = Lepurko; V02 = Lossimingori; V03 = Meserani Bwawani; V04 = Donyonaado; V05 = Esilalei; V06 = Oltukai; V07 = Eluai; V08 = Naiti; V09 = 
Engaruka Chini; V10 = Mbaash 
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Table 3.2 Mean rank of cattle diseases, as ranked by groups of men and women pastoralists of Monduli District, Tanzania, 2015 
 
Men informant groups (n=10) Women informant groups (n=9) 
Cattle Disease Mean 
rank 
Ranka Cattle Disease Mean 
rank 
Ranka 
ECF 11.65 1 ECF 13.25 1 
FMD 9.80 2 CBPP 10.81 2 
CBPP 9.55 3 AAT 9.31 3 
AAT 8.40 4 BCT 9.25 4 
BCT Ormilo 7.30 5 Alakirikirib 8.25 5 
Anaplasmosis 6.15 6 FMD 7.88 6 
Anthrax 5.70 7 Plastic bags 6.13 7 
MCF 5.70 8 Poisonous plants 6.00 8 
Alakirikirib 5.60 9 Nadendoliti2 6.00 9 
Babesiosis 5.40 10 Babesiosis 5.88 10 
Nadendolitic 5.35 11 MCF 5.88 11 
Plastic bags 5.35 12 Black quarter 5.75 12 
Poisonous plants 5.05 13 Anthrax 5.63 13 
   Brucellosis 5.00 14 
Wd=0.40, P<0.01 Wd=0.45, P<0.01 
a Interpretation of rank: 1 = most important; 14 = least important 
b Local name for disease characterised by sudden onset of fever 
c Local name for disease characterised by depletion of bone marrow 
d Interpretation of Kendall’s coefficient of concordance: W<0.26, P>0.05 (weak agreement); W=0.26–0.38, P<0.05 (moderate 
agreement); W>0.38, P<0.01 (strong agreement) 
ECF = East Coast fever; FMD = foot and mouth disease; CBPP = contagious bovine pleuropneumonia; AAT = animal 
trypanosomosis; BCT = bovine cerebral theileriosis; MCF = malignant catarrhal fever 
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3.3.4 Characterisation of cattle diseases among pastoralists by matrix scoring  
The results of matrix scoring for men and women participants are presented in Table 3.3.  
There was strong agreement between the 10 men groups (W=0.70 to 0.93; P<0.01) and nine 
women groups (W=0.39 to 1.0; P<0.01) for all disease indicators. Participants indicated 
swollen lymph nodes and high fever as common clinical signs for ECF; salivation and high 
fever for FMD and coughing for CBPP. Loss of tail hair and diarrhoea were more commonly 
observed in cases of chronic AAT. 
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Table 3.3 Matrix-scoring of cattle diseases by men and women pastoralists of Monduli District, Tanzania, 2015.  Values depict median 
scores (range) across 10 villages. Kendall’s coefficient of concordance (W) comparing scores for each disease across the 10 villages is also 
shown separately for men and women groups. 
 
Clinical sign/ 
Cattle  Diseases 
Men  informant groups (n=10) Women informant groups (n=9) 
vector ECF AAT FMD CBPP BCT Wa ECF AAT FMD CBPP BCT Wa 
High fever and 
dry muzzle    
10 
(3,18) 
4 
(0,6) 
12 
(5,19) 
4.5 
(0,12) 
0 
(0,1) 
0.768 
10 
(7,16) 
3 
(0,9) 
10 
(7,16) 
4 
(0,10) 
0 
(0,4) 
0.702 
Diarrhoea                                 9.5 
(0,16) 
15 
(10,21) 
0 
(0,5) 
2 
(0,15) 
0 
(0,0) 
0.760 
11 
(5,16) 
15 
(0,23) 
0 
(0,5) 
3 
(0,14) 
0 
(0,0) 
0.756 
Swollen lymph 
nodes              
17.5 
(7,21) 
10 
(9,23) 
0 
(0,7) 
0 
(0,2) 
0 
(0,0) 
0.931 
19 
(6,30) 
9 
(0,24) 
0 
(0,11) 
0 
(0,3) 
0 
(0,0) 
0.667 
Loss of tail hair                     0 
(0,0) 
30 
(30,30) 
0 
(0,0) 
0 
(0,0) 
0 
(0,0) 
1.000 
0 
(0,0) 
30 
(30,30) 
0 
(0,0) 
0 
(0,15) 
0 
(0,0) 
1.000 
Coughing                                 7
(0,10) 
5  
(0,10) 
4.5  
(0,8) 
13 
(10,26) 
0 
(0,0) 
0.773 
7 
(0,14) 
3 
(0,9) 
4 
(0,9) 
18 
(14,21) 
0 
(0,0) 
0.673 
Lacrimation                             9.5
(0,23) 
14 
(7,21) 
4 
(0,7) 
0 
(0,21) 
0 
(0,0) 
0.736 
9 
(0,13) 
14 
(0,24) 
4 
(0,14) 
0 
(0,11) 
0 
(0,12) 
0.388 
Salivation                                7.5
(0,12) 
0 
(0,9) 
18 
(9,24) 
2 
(0,13) 
0 
(0,0) 
0.704 
8 
(0,13) 
0 
(0,8) 
17 
(12,30) 
0 
(0,5) 
0 
(0,0) 
0.861 
Circling                                   0
(0,10) 
0 
(0,9) 
0 
(0,0) 
0 
(0,3) 
30 
(16,30) 
0.862 
0 
(0,0) 
0 
(0,0) 
0 
(0,0) 
0 
(0,0) 
30 
(30,30) 
1.000 
Ticks                                        19.5 
(0,12) 
0 
(0,8) 
0 
(0,0) 
0 
(0,0) 
10.5 
(0,18) 
0.813 
16 
(9,30) 
6 
(0,18) 
0 
(0,6) 
0 
(0,0) 
0 
(0,21) 
0.634 
Tsetse flies                               0
(0,12) 
30 
(17,30) 
0 
(0,6) 
0 
(0,0) 
0 
(0,6) 
0.844 
0 
(0,8) 
30 
(22,30) 
0 
(0,0) 
0 
(0,0) 
0 
(0,0) 
0.908 
a Interpretation of Kendall’s coefficient of concordance: W < 0.26, P > 0.05 (weak agreement); W = 0.26–0.38, P < 0.05 (moderate agreement); W > 0.38, P 
< 0.01 (strong agreement)  
ECF = East Coast fever; AAT = animal trypanosomosis; FMD = foot and mouth disease; CBPP = contagious bovine pleuropneumonia; BCT = bovine 
cerebral theileriosis 
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Ticks and tsetse flies were also recognised as being related to ECF and AAT, respectively, 
with strong agreement across men and women groups. However, ticks were also indicated to 
associate with AAT by participants of two men groups and five women groups, and similarly 
tsetse flies were indicated to associate with ECF of two men male and two women groups. 
Further probing revealed that participants in some groups observed co-infection with these 
two diseases and cattle needed to be treated for both diseases before an animal would recover.  
 
3.3.5 Seasonal calendar  
Table S1 (supplementary material-Appendix 7) shows the full results of the seasonal 
calendar. Strong agreement was evident across 10 men groups and 9 women groups regarding 
the seasonal variation of climate parameters (rainfall and temperature). East Coast fever was 
most commonly associated with the long rains (March to May) and the cool dry season 
(March to July) (Figure 3.2). This observation showed strong agreement across men and 
women groups (Men: W=0.582; Women: W=0.438). The distribution of AAT showed 
modest agreement across both groups (Men: W=0.318; Women: W=0.279), with the highest 
median scores corresponding to the long dry season (August to October; Figure 3.2). There 
was more variability across villages regarding tick and tsetse fly abundance by season for 
both men and women groups (Appendix 7). For example, groups of men indicated that there 
were more tsetse flies during the long dry season (W=0.299; moderate agreement). In 
contrast, groups of women reported that tsetse flies were present throughout the year, with 
highest median scores estimated for the long rains and cool dry season (W=0.130; poor 
agreement). 
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Figure 3.2 Seasonal calendar showing occurrence of cattle diseases and vectors in relation to season, as reported by men (blue lines, 
circles) and women (pink lines, squares) pastoralists of Monduli District, Northern Tanzania. The ranges (minimum, maximum) are 
shown as error bars. 
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3.3.6 Historical climatic events and modified timeline 
Table 3.4 shows the major climate and animal health-related events in the last 30 years as 
recalled by the pastoralists. A number of “severe droughts” accompanied by massive 
livestock mortality and morbidity were also recalled by participants before 1984, in 1961, 
1967, 1974 and 1981, in which pastoralists experienced severe drought (extremely low 
rainfall) for a considerable period of time. Further, pastoralists stated that the climate 
conditions have changed over the past 30 years; the amount of rainfall has reduced 
substantially, which in turn has affected vegetation cover and availability of quality pastures. 
This was confirmed by the timeline activity, which compared observations of climate and 
environmental parameters by men and women groups in 1984 and 2014 (Figure 3.3). 
Specifically, pastoralists indicated that there was significantly less rainfall (Men: P=0.005; 
Women: P=0.007), vegetation cover (Men: P=0.005; Women: P=0.005) and pasture 
availability (Men: P=0.005; Women: P=0.007), and significantly higher frequency of 
droughts (Men: P=0.005; Women: P=0.008) between 1984 and 2014. 
 
Results of the timeline activity for diseases and vectors are shown in Figure 3.4. There was 
substantial variation across villages. Some villages reported a slight increase between 1984 
and 2014 although the majority of villages reported a slight decrease. Overall, there was a 
noticeable but non-significant decrease in median scores for ECF incidence and R. 
appendiculatus abundance between 1984 and 2014 (both genders). AAT incidence and 
Glossina spp. abundance in 1984 and 2014 were more heterogeneous, with male and female 
groups reporting somewhat different experiences. Pastoralists reported several reasons for the 
changes in disease occurrence, including increased availability of effective drugs and 
acaricides, availability of ECF immunisation, and improved recognition of the diseases. 
Similarly, reasons put forward for changes in vector abundance related to changes in 
vegetation cover, decrease in rainfall, increase in livestock populations, and environmental 
destruction with expansion of human settlements.  
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Table 3.4 Major climate and animal health-related events described by pastoralists of Monduli District in the last 30 years 
 
Year Event  Village ID 
1984-1994 Severe droughts 1984, 1987, 1991, 1993, 1994 V01, V02, V03, V07 V08, V10 
 Increased cases of nadendoliti1 due to severe droughts V03 
 Massive cattle death due to severe droughts V08, V09 
 Great famine 1984-1986 V01, V02, V03, V08, 
 FMD epidemic 1980 V08, V09 
1995-2004 Floods, El Niño 1997/98  V03, V05, V04, V06, V010 
 Rift Valley Fever 1998  V08 
 More cases of ECF 1998  V05, V06, V08 
 Severe droughts 1995, 1996/97  V05, V07, V010 
 Spreading of BCT around Monduli villages 1994, 1995, 1999, 2000, 2003    V03, V05, V07, V08 
 Severe cattle death due to severe droughts, 1997, 2000, 2001  V08, V04 
2005-2014 Severe drought 2005/06   V04, V09 
 Floods, El Niño 2006/07   V01, V02, V03, V04, V06 
 RVF outbreak 2006/07    V03, V05, V06 
 Outbreak of LSD 2006/07  V08 
 Less crop yields in 2010 V02, V09 
 Severe drought 2008/09   V05, V06, V07, V08, V09 
 Massive cattle migration and cattle death due to severe droughts 2009, 2014  V04, V05, V06, V08, V07, V09, V010   
 More nadendoliti1 cases due to severe droughts 1998, 2005, 2008/09, 2014 VO3, V04, V05, V07, VO9, V010 
 Majority of cattle mostly from southern Kenya moved to northern Tanzania leads to 
severe outbreak of diseases including ECF, CBPP, PPR  
V05, V06, V09 
 Increased cases of nadendoliti1 and cattle deaths in 2014   V04, V07, V08 
 Increased occurrence of cattle–wildlife interactions   V06, V05 
FMD = foot and mouth diseases; ECF = East Coast fever; BCT = bovine cerebral theileriosis; RVF = rift valley fever; CBPP = contagious bovine 
pleuropneumonia; PPR= peste des petits ruminants; LSD = lumpy skin disease.  
1 Nadendoliti is a local term referring to a disease characterised by depletion of bone marrow 
V01 = Lepurko; V02 = Lossimingori; V03 = Meserani Bwawani; V04 = Donyonaado; V05 = Esilalei; V06 = Oltukai; V07 = Eluai; V08 = Naiti; 
V09 = Engaruka Chini; V10 = Mbaash 
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Figure 3.3 Modified timeline comparing observations of climate and environmental parameters in 1984 and 2014, as reported by men 
(blue) and women (pink bars) pastoralists of Monduli District, Northern Tanzania. For each parameter, there were no statistically 
significant differences between men and women groups in each year (P>0.05). 
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Figure 3.4 Modified timeline comparing observations of cattle disease occurrence and vector abundance in 1984 and 2014, as reported 
by men (blue bars) and women (pink bars) pastoralists of Monduli District, Northern Tanzania. For each parameter, there were no 
statistically significant differences between men and women groups in each year (P>0.05). 
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3.3.7 Participatory mapping 
Participatory mapping in all villages revealed that grazing areas had diminished in recent 
years (about past ten years) mainly due to lack of rainfall. Remaining grazing areas were 
stated to have reduced levels of pasture quantity and quality. Other possible causes of these 
changes nominated by pastoralists were: increases in livestock populations; land areas 
becoming unavailable due to business development; formation of new administrative areas 
(village expansion), as well as increased human population and activities such as agriculture 
development. 
 
Seasonal movements of livestock were also depicted on maps for each village. Movement of 
cattle away from the home village was mostly practised during the long dry season, starting 
around August when inadequate pasture and water became a considerable problem. In 
general, these seasonal movements were characterised by large herds of cattle being moved to 
other villages within Monduli District or in bordering districts as pastoralists became aware 
of relatively adequate pasture and water in specific villages and districts. Pastoralists revealed 
that the practice of seasonal movements had greatly increased in recent years due to frequent 
severe droughts. Furthermore, the frequent and longer droughts have forced some pastoralists 
with larger herds of animals to move their cattle greater distances, including to other regions 
with more favorable topology.  
 
Areas of cattle-wildlife interaction were identified in all 10 villages. These included grazing 
lands with hilly or mountainous areas that comprise trees and shrubs, and watering points 
such as lakes or dams. Pastoralists revealed that the frequency of interaction was greater 
during the long dry season when pasture and water were inadequate, causing many species to 
seek suitable grazing areas. The villages (Esilalei, Oltukai, Engaruka Chini) that border or are 
located closer to the national parks experienced the most frequent cattle-wildlife interactions.  
 
Pastoralists identified areas that had high vector populations. For ticks this included gullies, 
lake banks, and pastures with good grass growth, especially in the long rainy season. 
Pastoralists also associated ticks with a certain type of grass called star grass (local name 
Emurwa), and identified that this grass was the cause of ECF in cattle. Hilly and mountainous 
areas with even moderate vegetation cover were also identified as high-risk areas for ticks. 
Tsetse flies were more commonly reported in areas close to wildlife national parks where 
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there are large areas of undisturbed vegetation due to national park laws and procedures. 
Areas with savannah shrubs/trees were also associated with high tsetse fly population, as 
were areas in which cattle−wildlife interactions occurred.  
 
Only two villages reported that there was an operational dip tank (Esilalei and Oltukai). Dip 
tanks were either absent or not working in the other villages. Vector management practices 
were implemented on an individual farmer level basis and participants reported that the 
majority of livestock keepers use a spraying method. The lack of timely veterinary services 
was also mentioned by pastoralists. 
 
3.4. Discussion 
We applied PE techniques to better understand pastoralists’ indigenous knowledge, 
experiences and observations regarding the epidemiology of ECF and AAT and climate and 
climate change in Monduli District, Northern Tanzania. This study is one of few to 
investigate potential associations between cattle VBDs and climate change in vulnerable 
pastoralist societies. 
 
East Coast fever and AAT were prioritised among the top five important cattle diseases 
(Table 3.1) in all of the study villages. This finding confirms that cattle VBDs are still major 
health problems in cattle in pastoral communities (Kipronoh et al., 2011; Moenga et al., 
2013) and highlights the need to strengthen management practices including regular 
surveillance for these diseases in this setting. The ranking for the two diseases varied across 
villages. This might reflect variation in the incidence and/or severity of the diseases across 
villages related to, for example, differences in vector habitat, management practices and 
proximity to wildlife national parks. 
 
A standardised matrix scoring tool was used to triangulate indigenous and professional 
veterinary knowledge of clinical signs and vectors for the diseases of interest. Due to the lack 
of laboratory services in pastoral areas the matrix scoring approach relies on the principle of 
agreement between observers in judging the validity of diseases diagnosis (Catley, 2006). 
Statistically, both men and women groups had a strong level of agreement when associating 
specific clinical signs with ECF and AAT. The primary clinical sign associated with ECF was 
swollen lymph nodes, which is in agreement with the veterinary literature (Gul et al., 2015). 
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African animal trypanosomosis was primarily associated with loss of tail hair. While this is 
not commonly noted in veterinary textbooks, it is a known clinical sign (Grace et al., 2009; 
Magwisha et al., 2013a) and is commonly associated with AAT by other groups of 
pastoralists, such as the Turkana in Kenya and the Tuareg in Niger (Catley et al., 2001).  
 
Findings in this study indicate that women in pastoralist communities can be good sources of 
information regarding cattle diseases and management, despite the cultural norms that can 
make it difficult to interview women in pastoralist areas (Mugisha et al., 2008; Byaruhanga et 
al., 2015). Women were able to associate specific clinical signs with cattle diseases and could 
identify seasonal variation in disease occurrence in a similar manner to the men in this study. 
This suggests that women do understand and contribute to cattle health management and 
production in these pastoral communities. These findings corroborate Kristjanson et al. 
(2010) who documented participation of women in every aspect of livestock management in 
various pastoral communities around the world. Therefore, it is essential that future livestock 
projects and research promote the inclusion of women, which will aid in both enhancing 
livestock productivity and improving household livelihoods. 
 
The utility of a seasonal calendar for understanding seasonal variation of cattle VBDs was 
confirmed in this study. We explored pastoralists’ observations and experiences with regard 
to seasonal patterns of ECF and AAT occurrence, and abundance of principal vectors. 
Although ECF was reported to be present throughout the year, pastoralists indicated that 
relatively more cases of ECF occurred in the long rainy season and cool dry season, a result 
that is consistent with our own findings based on the individual cattle owners’ questionnaire 
in the same district, although laboratory analysis produced conflicting findings (Kimaro et al., 
submitted). The presence of R. appendiculatus throughout the year has been reported 
elsewhere in tropical eastern Africa (Norval et al., 1991; Bazarusanga et al., 2007) and could 
indicate the potential for endemic stability of ECF in the study area in which there is constant 
tick exposure (Kazungu et al., 2015). Nonetheless, there was generally poor agreement across 
study villages in terms of timing of peak tick abundance. This may relate to variations in 
ecological factors and management practices that may or may not favour survival and 
development of the ticks in certain areas (Norval et al., 1991; Randolph, 2004; Estrada-Peña 
et al., 2012). The inconsistent observations for tick abundance between men and women 
groups may reflect differences in men’s and women’s involvement with cattle management 
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activities. In addition, the unpronounced seasonality characteristics of R. appendiculatus in 
much of Eastern Africa means that cattle may be infested with larvae, nymphs and adults 
ticks throughout the year; this may have contributed to the poor agreement across groups.  
 
Occurrence of AAT was also reported year-round, suggesting chronic disease. In contrast to 
ECF, AAT was reported to occur more frequently in the long dry season, a finding confirmed 
by the individual cattle owners’ questionnaire in the same district (Kimaro et al., 2017, in 
preparation). This has also been reported in pastoral communities in Kenya for cattle and 
other livestock (Catley et al., 2002; Mochabo et al., 2005) and could be explained by 
increased tsetse fly activities in the long dry season (Langridge et al., 1963; Moore et al., 
2012). Men reported more tsetse fly in the long dry season, which aligns with highest AAT 
occurrence. The increased mobility of cattle in the long dry season (predominantly under 
supervision of men pastoralists) may increase exposure rates and vector/host contacts 
(Majekodunmi et al., 2013). Furthermore, poor quality pasture during this season leads to 
nutrient deprivation and starvation in animals and can trigger clinical disease (Mochabo et al., 
2005). Other possible reasons for AAT variations relate to differences in vector management 
practices across seasons and among pastoralists, including the use of trypanocides and 
insecticides, and the development of drug resistance (Van Den Bossche et al., 2010; Swai and 
Kaaya, 2012; Majekodunmi et al., 2013). 
 
Our results relating to changes in climate over the past 30 years highlight the vulnerability of 
the district, with increased drought periods and reduced rainfall noted by pastoralists. 
Pastoralist observations align well with conventional meteorological data depicting years of 
low rainfall (frequent troughs-Fig. 2.1), and a general decline in precipitation over the thirty-
year period (1984-2014) (Tanzania Meteorological Agency, 2015). Similarly, Changá et al., 
(2017) analysed rainfall and temperature indices in a study from 1961 to 2015, and 
determined rainfall variability across the country, although this analysis did not indicate a 
statistically significant change. Other climate change impacts include published accounts of 
reduced pasture and water availability associated with emaciation and death among livestock 
in Northern Tanzania (Kijazi and Reason, 2009; Sangeda and Malole, 2013; Theodory and 
Malipula, 2014). Other literature reports extreme weather events in the district that match 
with participants’ observations. There was, for example a 1998 El Niño that produced an 
estimated five-fold increase in rainfall (Galvin et al., 2001). Also, severe drought in 1997, 
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1999 and 2009 has been reported to be one of the worst on record (WFP 2000); Goldman and 
Riosmena (2013).  
 
Pastoralists observed that climate parameters such as rainfall and temperature were important 
for the occurrence of ECF and AAT. Studies on tick and tsetse fly ecology likewise show that 
rainfall and temperature are the main climate parameters that influence vector population 
dynamics and seasonal abundance (Rogers and Randolph, 1986; Norval et al., 1991; Olwoch 
et al., 2008). 
 
The lack of a clear relationship of ECF and AAT with climate changes over the last 30 years 
likely reflects the multifactorial nature of disease occurrence. For instance, changes in ECF 
occurrence between 1984 and 2014 may be linked to increased access and availability of 
effective drugs and acaricides as well as some adoption of ECF immunisation and improved 
understanding of the disease (Homewood et al., 2006). Further potential contributors also 
include changes in land use, human demographic trends, and changes in livestock ownership 
and commercialisation of production. Nonetheless, scientific studies confirm that climate 
plays a major role in the influence of arthropod ecosystems which in turn alters vector 
development, survival and ultimately disease transmission (Githeko et al., 2000; Patz et al., 
2000; Baylis and Githeko, 2006; Pinto et al., 2008; IPCC, 2013). Understanding how climate 
parameters interact to influence disease outcomes is complex and data-intensive, which may 
prove challenging in resource-poor areas (Haines et al., 2006). While results from this study 
provide useful baseline information on ECF and AAT epidemiology in pastoralist areas, PE 
methodologies alone are unlikely to be sensitive enough to tease out these complex 
relationships. For this reason, complementary data collection methods (including a cattle 
owners’ questionnaire and laboratory testing of cattle in the wet and dry seasons) were also 
undertaken in the same area to gather more information. This informed a better understanding 
of the relationship between climate parameters and occurrence of ECF and AAT (Kimaro et 
al., 2017; Kimaro et al., 2018). 
 
Participatory epidemiology studies rely on communal agreement of group participants to 
ascertain knowledge, experiences and observations on animal health problems and are 
valuable methods where laboratory confirmation is difficult. Repetition of the same activity 
across multiple groups generally resulted in reproducible findings, lending credibility to the 
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findings (Catley et al., 2012). For variables where conventional data could be obtained (such 
as meteorological data on rainfall) triangulation with PE data showed strong correlation. 
Further, pastoralists’ knowledge of disease clinical signs and their seasonal variations aligned 
closely with the veterinary literature. Nonetheless, there are limitations to this study. We 
selected participants who were aged 45 or above, so that they were old enough to remember 
events that happened over the previous 30 years. However, the recollection of events 30 years 
ago may not be reliable and may be influenced by various unknown recall biases, plus 
improvement in community knowledge about ECF and AAT likely contributed somewhat to 
the identified differences. While every effort was taken to reduce selection bias, we cannot 
rule out the possibility that leaders may have chosen/encouraged others to participate based 
on their high status or influence. Thus, among participants, there may be a higher number of 
more articulate people with higher social and economic status, who may have received some 
education or training in livestock management at some point. 
 
The PE approach applied in this study achieved representation of livestock keepers in 
pastoralist communities of Monduli District, and the findings can be applied to other 
pastoralist communities in arid/semi-arid lands of East Africa with similar extensive grazing 
systems for cattle. The inclusion of women in livestock PE studies in pastoral communities is 
rare (Byaruhanga et al., 2015) with only a few PE studies investigating poultry disease 
management that have included women elsewhere (Bagnol, 2007; Ahlers et al., 2009). 
Usually, men and women have different access to animal health information and resources, 
and behave differently in response to livestock disease management. The inclusion of one 
gender (in most cases men) in a group meeting enabled gender differences to be explored in a 
neutral environment (Catley et al., 2012). Inclusion of women for this study is the major 
strength of this research. Findings from this study represent the views of both genders in the 
community involved with livestock management. The challenges associated with including 
women were nonetheless highlighted by the refusal of the women in one remote, traditional 
village to participate. In such areas, women tend not to be involved in decision-making over 
family matters (Simpson-Hebert, 2005), so it is possible that the men in this village denied 
women the opportunity to attend the meetings.  
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3.5 Conclusion 
The indigenous knowledge generated from this study provides a useful baseline regarding 
ECF and AAT epidemiology in the face of worsening projections for climate change in 
arid/semi-arid lands. Given that VBDs were collectively agreed to be among the most 
important cattle diseases, improved strategies for management of these diseases need to be 
identified and implemented. Further, the observations from this study suggest the need for 
consistent and systematic monitoring of climate, vectors, pathogens and disease over the 
short and long term to obtain a better understanding of the effects of climate change on cattle 
VBDs and the impact of any interventions. This can be achieved through a multi-professional 
approach involving epidemiologists, veterinarians, climatologists, vector biologists and 
ecologists. The collection of such rich, high quality data will allow improved prediction 
models to be developed, to better understand the impacts of climate change on VBDs in the 
study area and elsewhere. Updated climate models on vector dynamics will also assist in 
evaluating potential interventions. This is a crucial need as cattle production still remains the 
primary source of income and a fundamental component of the Maasai culture in these 
pastoral communities. 
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PROLOGUE 
 
This chapter details field investigation and laboratory tests for T. parva infection among 
Maasai cattle in Northern Tanzania. The chapter reports the estimated prevalence of T. parva 
infection in cattle in contrasting seasons (wet and dry seasons) using a molecular technique 
(nested PCR), also potential risk factors for T. parva infection in cattle were investigated. 
Infection status for the competent vector (R. appendiculatus) was estimated based on ticks 
collected from the sampled cattle. The pastoralists’ knowledge of ECF and management 
practices implemented against ECF are presented in this chapter. 
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Abstract  
Theileria parva causes an economically devastating tick-borne disease called East Coast 
fever (ECF), which affects cattle in central, eastern and southern Africa. Determination of 
seasonal infection rates for T. parva is crucial for epidemiological understanding and for 
strengthening ECF management practices. However, this information is lacking for most 
pastoralist areas with high livestock density, such as the Monduli District in the Maasai 
steppe, Northern Tanzania. A cross-sectional study was carried out to estimate the prevalence 
of T. parva in wet and dry seasons, and to assess understanding of management practices 
associated with T. parva among pastoralists’ cattle. A total of 960 cattle owned by 130 
pastoralists were randomly selected from 10 study villages in each season and blood samples 
analysed for T. parva prevalence using a nested polymerase chain reaction (PCR). 
Seroprevalence for T. parva in the wet season was assessed using an enzyme-linked-
immunosorbent assay (ELISA). Information on relevant management practices was gathered 
using a standardised questionnaire. Multivariable logistic regression was used to evaluate the 
association between T. parva parasitaemia and animal, farm and village-level factors. The 
prevalence of T. parva parasitaemia was 15.9% (95% CI=13−19) and 31.6% (95% 
CI=28−36) the in wet and dry seasons, respectively. All cattle were seropositive. T. parva 
parasitaemia was significantly associated with age of the animal, sampling season, and study 
village. All 130 cattle owners interviewed (100%) reported that they could easily recognise 
ECF and the vast majority (97.7%) identified swollen lymph nodes as the most prominent 
sign. At least 70% reported to understand the involvement of R. appendiculatus in ECF 
transmission. The use of both commercial drugs and herbal medicines for ECF treatment was 
reported by 54.6% of cattle owners. Among commercial drugs reported, the most commonly 
used was Alamycin LA® 300 mg/mL (oxytetracycline dehydrates). Tick control by hand 
spraying was reported by the majority (90.8%) of cattle owners and less than half (45.4%) 
reported that they vaccinate their cattle. This research provides evidence of widespread T. 
parva infection across Monduli District, and baseline information on seasonal occurrence. 
The information gained can assist the planning of more appropriate control strategies in 
pastoralist communities both now and into the future as predicted climatic changes progress 
in the region and potentially influence ECF occurrence and transmission. 
Keywords: Theileria parva infection, prevalence, seroprevalence, seasonality, Maasai 
pastoralists, Tanzania. 
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4.1 Introduction 
East Coast fever (ECF) is a fatal tick-borne disease of cattle that occurs in eastern, central and 
southern Africa (Norval et al., 1991; Kivaria, 2006). The disease is caused by the intracellular 
protozoan parasite, Theileria parva, and is transmitted by the brown ear tick (Rhipicephalus 
appendiculatus) (Gachohi et al., 2012; Abdela and Bekele, 2016). It is characterised by 
marked peripheral lymphadenopathy, high fever, respiratory distress and emaciation, and is 
associated with high mortality and morbidity in susceptible cattle (Morrison, 2015).  
 
East Coast fever is an important disease that constrains development of the cattle industry in 
Africa (Norval et al., 1991; Gachohi et al., 2012; Gul et al., 2015). Annual economic losses 
associated with the disease were valued at US$168 million twenty-five years ago based on an 
estimated 1.1 million cattle deaths per year (Mukhebi et al., 1992). Current losses due to ECF 
are likely to be much higher given the disease remains a widely reported and leading cause of 
cattle death. Certainly, the disease is considered to be the major disease threat to cattle 
production in Tanzania (Swai et al., 2007; Laisser et al., 2017) and its importance as a cattle 
disease remains well documented today (Chenyambuga et al., 2010; Kazungu et al., 2015; 
Laisser et al., 2017). In Tanzania, ECF accounts for around 40% of livestock deaths each 
year, costing the livestock sector around US$43 million annually (Mtei and Msami, 1996; 
Mcleod and Kristjanson, 1999). Moreover, mortality rates as high as 80% have been 
documented in indigenous breed calves that are unvaccinated (Homewood et al., 1987). 
 
East Coast fever incidence varies depending on agro-ecological zone and livestock 
production system (Gachohi et al., 2012; Gul et al., 2015). Agro-ecological zones differ with 
regard to climate suitability for the vector, with lowlands known to be more suitable for tick 
development and survival than highlands (Rubaire-Akiiki et al., 2004; Gachohi et al., 2012). 
Livestock production systems influence exposure of cattle to different ecological 
characteristics. Like other pastoralist communities in eastern Africa, the Maasai of Northern 
Tanzania practice an extensive grazing system characterised by cattle being under constant 
tick exposure with little or no tick control (Homewood et al., 2006; Kipronoh et al., 2011; 
Byaruhanga et al., 2015). This pastoralist cattle management contributes to the development 
of endemic stability for ECF (Kazungu et al., 2015), a state where host, vector and pathogen 
co-exist in such a way that clinical disease is rare despite high exposure to infected ticks. 
145 
 
Although endemic stability could be regarded as an appropriate approach to ECF control in 
pastoralist areas, the level of stability required to avoid clinical disease occurrence may not 
be fully achieved for cattle in Tanzania (Hezron et al., 2012). This is because exposure of 
cattle to infected ticks fluctuates with changes in environmental conditions, which are 
expected to become more variable with projected global climate change. 
 
Global climate change is characterised by increasing fluctuations in temperature and 
precipitation and the frequent periods of extreme weather events seen in recent years (IPCC, 
2013). These changes are expected to modify the context within which pathogens, vectors 
and their hosts interact (Patz et al., 1996; Githeko et al., 2000; Van Den Bossche and Coetzer, 
2008; Lafferty, 2009). While there have been numerous attempts to predict the distribution of 
human vector-borne diseases under climate change scenarios, such as malaria (Githeko et al., 
2000; Palmer et al., 2006; Caminade et al., 2014), dengue fever (Naish et al., 2014) and 
Chikungunya (Fischer et al., 2013), similar studies for cattle vector-borne diseases are rare. 
Some research suggests that R. appendiculatus is likely to experience shifts in population 
density and dynamics due to climate change, which will lead to changes in the transmission 
and occurrence of ECF (Olwoch et al., 2007; Olwoch et al., 2008; Bett et al., 2017). 
According to Olwoch et al. (2009) climate change is predicted to influence tick habitat and 
distribution with expansion in some areas of sub-Saharan Africa and contraction in others. 
Research is needed to better understand cattle vector-borne disease patterns in a changing 
climate because this is essential for sustainable livestock disease reduction efforts (Baylis and 
Githeko, 2006; Van Den Bossche and Coetzer, 2008; Thornton et al., 2009). This type of 
research requires obtaining quality data on climatic parameters and incidence of cattle vector-
borne diseases over long periods of time in order to reveal trends in animal health in response 
to climate change. Due to the predicted severe climate change impacts in arid and semi-arid 
pastoral lands it is vital for these regions to identify options to improve current and future 
management of cattle vector-borne diseases (IFAD, 2010; Bett et al., 2017). 
 
Detailed information on T. parva infection levels in contrasting seasons and an understanding 
of pastoralist knowledge, attitudes and management of ECF is needed to forecast the potential 
effects of climatic variation on ECF occurrence, and to guide appropriate advice to pastoralist 
communities in Northern Tanzania regarding ECF control now and into the future. 
Accordingly, the objectives of this study were to estimate the prevalence of T. parva in cattle 
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in wet and dry seasons, establishing a baseline for seasonal occurrence of ECF against which 
future disease levels can be compared, and to improve understanding of the existing 
management practices for ECF in pastoralist community settings of Northern Tanzania. To 
maximise detection and improve upon most previous studies on ECF epidemiology in 
Northern Tanzania that relied on microscopic examination of blood smears, we implemented 
highly sensitive and specific molecular and serological diagnostic tests in this study. 
 
4.2 Materials and Methods 
4.2.1 Study area 
This study was conducted in Monduli District, Northern Tanzania during March to May 2015 
(wet season; first round of data collection) and August to October 2015 (dry season; second 
round of data collection). Monduli District was selected for this study because: (i) the district 
experiences relatively high levels of cattle vector-borne diseases (Homewood et al., 2006; 
Swai and Kaaya, 2012; MLDF, 2012; Haji et al., 2014), (ii) the district is homeland to 
pastoralist communities whose livelihoods depend largely on livestock keeping (Homewood 
et al., 2006), and (iii) 70% of the district is classified as lowland agro-ecological zone, with a 
semi-arid to arid climate that is characterised by climate variability and change including 
increasing drought periods and unpredictable rainfall for the past decade (Theodory and 
Malipula, 2014; Goldman and Riosmena, 2013). 
 
Monduli District is located at latitude 3° 20’S and longitude 36° 15’E (Figure 4.1). At the 
latest census (2012) Monduli District had a human population of 158,928, with an average of 
4.3 people per household. The district population is estimated to be growing at a rate of 4.3% 
person per household (URT, 2016). The major ethnic group inhabiting Monduli District is 
the Maasai people (97%). The Maasai largely depend on livestock for their livelihoods, with 
some subsistence farming activities also practiced, predominantly in agro-pastoral 
communities (Theodory and Malipula, 2014). Over 95% of cattle kept in the district are 
indigenous (Bos indicus) zebu-type. Monduli District has a bi-modal rainfall pattern with the 
wet season occurring between March and May and the short rains occurring between 
November and December. The dry periods of the year are termed the short dry spell from 
January to February, the cool dry season from June to July and the long dry season from 
August to October (FAO, 2006). 
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Figure 4.1 Map of Monduli District in Northern Tanzania showing the 10 villages 
randomly selected for this study 
 
4.2.2 Cattle owner knowledge, attitudes and practices survey 
4.2.2.1 Selection of villages and participants 
A list of all pastoralist villages in the lowland agro-ecological zone of Monduli was obtained 
from the Monduli Livestock Department. Ten villages were randomly selected from this 
sampling frame by drawing names from a hat. Before survey commencement the research 
team visited each village to introduce the project to the village leaders and compile a list of 
all cattle owners. Twelve cattle owners were randomly selected per village providing a total 
of 120 cattle owners to participate in the cattle owner knowledge, attitudes and practices 
survey, and their cattle were included in the cattle survey. Ten cattle owners were not present 
during the second round of cattle blood collection. Therefore, to ensure complete data were 
available, 10 additional cattle owners were randomly selected from the sampling frame for 
interview. Thus in total, 130 cattle owners were interviewed.  
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4.2.2.2 Ethical considerations 
Human and animal ethical approvals were obtained from the research ethics committee at 
The University of Sydney, Australia, and Tanzania Commission for Science and Technology 
(COSTECH; No.2013-241-NA-2014-175). Cattle owners were initially notified of the study 
by sending out letters explaining the procedures and inviting participation. Verbal consent 
was obtained from all participants prior to collection of any data. 
 
4.2.2.3 Questionnaire design 
A questionnaire was designed to obtain information on cattle owners’ attitudes to ECF, 
knowledge of ECF clinical features, and practices related to ECF management and tick 
control (see Appendix 5). It was designed in English, translated into the national language 
(Kiswahili) and pre-tested with cattle owners in an eligible village not selected for inclusion 
in the study. The questionnaire was administered in a face-to-face interview with each cattle 
owner during the first round of data collection (March to May 2015), except for the ten 
replacement cattle owners who were interviewed during the second round of data collection 
(August to October 2015). Each interview took approximately one hour to complete. The 
interview team, consisting of the first author and two ward livestock officers, underwent 
training to ensure a common understanding of procedures for questionnaire administration. 
Interviews were conducted in Kiswahili, except in villages where Kiswahili was not the main 
language of communication, in which case Masaai language was used with the help of a local 
interpreter. For questions regarding potential vectors, participants were shown vials 
containing different species of ticks. 
 
4.2.3 Cattle survey 
4.2.3.1 Data and sample collection 
The cattle survey was conducted twice, in the wet season (March to May) and the dry season 
(August to October). The target sample size to measure cattle ECF prevalence in each season 
was 444 based on 50% expected prevalence, 95% confidence level and 5% precision using an 
imperfect test with sensitivity of 99% and specificity of 94%. This was calculated using the 
Epitools application (Sergeant, 2017) based on the formula of Humphry et al. (2004a). Test 
specifications for the ELISA were drawn from Katende et al. (1998), and prevalence set at 
50% due to lack of prior estimates for ECF prevalence in Monduli District. Further, to 
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compare ECF prevalence between seasons or age groups, the target sample size per group 
with 95% confidence level and 80% power was 313 for groups with 30% and 20% 
prevalence respectively, and 219 for groups with 20% and 10% prevalence respectively. 
During each cattle survey, four animals comprising two young (3−12 months) and two adult 
cattle (>12 months old) were randomly selected from the herd of each participating cattle 
owner. The random selection of cattle involved numbering of all skin colours of cattle in a 
herd (for example 1 to 7 if 7 skin colours present in the herd), then a member of the research 
team was asked by the principal researcher (EK) to mention any number within the relevant 
range (for example from 1 to 7), then an animal of the specific skin colour represented by that 
number was selected for bleeding. This provided biodata and biological samples from a total 
of 480 cattle (240 young, 240 adult) in each survey (see Appendix 6). 
 
Blood samples were taken from each animal by jugular venipuncture using 10 mL vacutainer 
tubes (Becton Dickson Vacutainer Systems, England) containing ethylene diamine tetra 
acetic acid (EDTA) anticoagulant. Plain vacutainer tubes without anticoagulant were used for 
serum. Blood samples were kept in cool boxes with ice for two to five hours before transfer 
to the laboratory for refrigeration. 
 
Pre-scapular lymph nodes were palpated and measured with a vernier calliper and scored as 
normal (<2 cm), slightly enlarged (2−3 cm) or grossly enlarged (>3 cm). Aspirates were 
collected from lymph nodes measuring ≥2 cm. A thick smear was made immediately after 
collection. Smears were air dried and packed in slide boxes and transported to the laboratory. 
The research team recorded the body condition score, (the score of 1- 5, in which 1 represents 
poor body condition and 5 good, this measurement was based on muscle filling for back 
bone, hips and shoulder bones, rib visibility and body outline)  
https://www.daf.qld.gov.au/__data/assets/pdf_file/0015/53520/Animal-HD-Investigation-
Condition-scores.pdf. Age, sex and breed of the animal were also recorded, and additional 
information from the cattle owner, including source of animal (born in herd, brought in), 
vaccination status and disease history. In addition, during the first round of data collection 
(wet season), each animal was examined for the presence of brown ear ticks (R. 
appendiculatus) in the ears and around the base of the tail. Collection of ticks was carried out 
in the wet season only since peak activity of adult R. appendiculatus is reported during this 
season (Okello-Onen et al., 1999). The collected ticks included nymphs, adult males and 
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female R. appendiculatus regardless of their feeding status. Ticks were collected and stored 
in capped test tubes with 70% alcohol. 
 
4.2.3.2 Specimen handling 
The day following collection, sera were separated by centrifuging at 3000 ×g for 20 minutes 
and stored in a −20 C freezer at the Tanzania Veterinary Laboratory Agency (TVLA) in 
Arusha, Tanzania. Whole blood samples, sera and ticks were transported to the Genome 
Science Laboratory, College of Veterinary Medicine and Biomedical Sciences at Sokoine 
University of Agriculture, Morogoro Tanzania for laboratory analysis.  
 
4.2.3.3 Molecular analysis for T. parva 
DNA was extracted from whole blood as described in the protocol for the Quick-gDNA 
blood mini prep kit (D 3017, Zymo Research, USA). Nymphs and adult non-engorged ticks 
previously stored in 70% v/v ethanol were individually divided using sterile scalpel blades 
and physically disrupted in a cell disruptor (Disruptor Genie, Scientific Industries, NY, USA) 
at maximum speed for 10 minutes. The NH4OH method (Ammazzalorso et al., 2015) was 
then used to extract DNA from individual ticks. Briefly, 150 µL of a 0.7 M NH4OH solution 
was added to the tick sample in a 1.5 mL snap cap tube, and heated to 100 °C for 15 min. The 
solution was briefly centrifuged to concentrate fluid at the bottom and then evaporated to 
70−100 μL by opening the tubes and heating at 100 °C for an additional 15 min. The solution 
was then centrifuged for 10 min at 10,000 ×g and the supernatant was collected and respun 
for 2 min at 10,000 ×g. The new supernatant was collected and DNA was checked for quality 
and quantity using spectrophotometry (JENWAY Genova) before storage at −20 oC. 
 
The DNA was subjected to nested polymerase chain reaction (PCR) to assess infection rates 
with T. parva using specific primers derived from the T. parva-specific 104-kDa antigen 
(p104) gene as previously described by Iams et al. (1990) and Odongo et al. (2010). The PCR 
(p104), is reported to have ability to detect 1.4 parasites/μL30 corresponding to blood 
parasitaemia of 2.8×10-5%, with specificity approaching 100% (Skilton et al., 2002; Odongo 
et al., 2010). The sequences of the forward and reverse primers were 5′ ATT TAA GGA 
ACC TGA CGT GAC TGC 3′ and 5′ TAA GAT GCC GAC TAT TAATGACAC C 3', 
respectively, for the first round and 5′ GGC CAA GGT CTC CTT CAG AAT ACG 3′ and 5′ 
TGG GTG TGT TTC CTC GTC ATC TGC 3′, respectively, for the second round. The 
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primary reaction was performed in a total volume of 20 μL containing 12.5 μL Dream Taq 
mastermix, 1.5 μL nuclease-free water, 0.5 μL (10 pmol) of each of the forward and reverse 
primers and 5 μL of genomic DNA (20 ng/μL) template. The reaction volume in the second 
round was the same as the first round except the amount of water was 6 μL and 0.5 μL of the 
primary PCR product was used as a template. Reaction conditions for the primary PCR 
included an initial denaturation step of 94 °C for 5 minutes, followed by 30 cycles of 
denaturation at 94 °C for 60 seconds, annealing at 60 °C for 60 seconds and extension at 72 
°C for 60 seconds. The cycling profile conditions for the second PCR were the same as the 
primary amplification, except that the annealing temperature was reduced to 50 °C. PCR was 
carried out in a thermocycler (ProFlexTM PCR system, Applied Biosystems, USA). PCR 
products were separated on 1.5% agarose gel and images visualised and documented on a Gel 
DocTM (Bio Rad, USA). Positive products were identified as 277 bp DNA fragments. The 
same PCR protocol was used to detect T. parva in blood and ticks. 
 
4.2.3.4 Giemsa staining  
Lymph node biopsy smears were stained with Giemsa and microscopically examined under 
40× and 100× oil immersion objectives to detect the presence of macroschizonts (Koch’s blue 
bodies). Although Giemsa staining has low sensitivity and high specificity, this test was 
purposely used for examination of the collected smears from the swollen lymph nodes to 
determine the presence of acute infection. The sensitivity and specificity of Giemsa has been 
reported in a study that used 50 cattle blood samples to diagnose Theileria species. The 
results showed sensitivity of 57% and specificity of 99% compared to 100% sensitivity and 
speciﬁcity for PCR (Noaman, 2014). 
 
4.2.3.5 Serological analysis for T. parva 
Seroprevalence was estimated from samples collected in the wet season only. PIM-based 
enzyme-linked-immunosorbent assay (indirect ELISA) a commercial kit supplied by the 
International Livestock Research Institute (ILRI) Nairobi, Kenya, was used to measure 
antibodies specific to T. parva (sensitivity >99%, specificity 94–98%). The test detects T. 
parva antibodies for up to 215 days after infection (Katende et al., 1998). Since there was a 
difference of about four months between the first and second cattle blood collections, we 
chose to conduct one seroprevalence survey in the wet season as cattle were likely to have a 
higher level of exposure to infected ticks during this season (Magona et al., 2011). Optical 
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density (OD) of each sample was measured at 405 nm on an Erba Lisascan II ELISA reader 
(ERBA diagnostics, Mannheim GmbH, Germany). The OD readings were used to compute 
percent positivity (PP) for each sample using the formula: mean OD (sample or negative 
control) divided by mean OD of positive control multiplied by 100. A PP of 20% or higher 
was considered positive. 
 
4.2.4 Data analysis  
Village locations were mapped using ArcGIS version 10.2 (Environmental Systems Research 
Institute, Redlands, CA, USA). Data from questionnaires and cattle biodata forms were 
entered in Epi Info™ 3.5.4 (Centers for Disease Control, Atlanta, GA, USA) and imported 
into Microsoft Excel 2010 for cleaning. Missing and invalid entries were checked against 
hard copies. Data were exported, and all analysis performed using the Statistical Package for 
Social Science version 22 (SPSS Inc, Chicago, USA). Descriptive analysis was performed 
using frequency tables and charts for categorical variables, and mean, median and range for 
continuous variables. True prevalence of T. parva infection (PCR) and T. parva antibody 
prevalence (ELISA) and associated confidence intervals were estimated using Epitools 
software (Sergeant, 2017). Chi-square (2) test was used to compare categorical variables; 
findings were deemed statistically significant if they were P<0.05.  
 
The association between animal infection status (PCR) and 27 potential risk factors (nine 
animal-level, 17 herd-level, one location-level) was initially assessed using univariable 
logistic regression. Explanatory variables with a liberal P-value <0.25 in the univariable 
analysis were tested for collinearity using pair-wise Spearman rank coefficient, and when a 
correlation coefficient was >0.7 the variable deemed more biologically plausible was 
considered in subsequent multivariable analysis. A multivariable logistic regression model 
was constructed using a stepwise approach and variables retained in the final model if the P-
value was <0.05. The Hosmer and Lemeshow test was used to assess whether the model 
adequately fitted the data with a low P-value <0.05 being indicative of poor fit. To evaluate 
clustering within a village, the intra-cluster correlation coefficient (ICC) was estimated 
(Dohoo et al., 2003). As the estimated ICC was low (0.01), a mixed effect model was not 
fitted for the regression analysis.  
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4.3 Results 
4.3.1 Cattle owner demographics 
A total of 130 cattle owners were interviewed across the 10 villages. The majority of 
respondents were males (95.4%), of whom the highest proportion was in the age category of 
36-54 years (47%). The mean age of respondents was 43.9 ±13.9 years old. Most of the 
respondents had no formal primary education (53.1%), while none of the respondents had 
attended secondary or tertiary school. Respondent household sizes were determined for two 
categories; adults (≥18 years) and children (<18 years), with means of 6.0±5.1 and 9.3± 8.1 
household members, respectively. Only 12 cattle owners had attended training in cattle 
husbandry, most of which focused on livestock disease management (58%) and half of which 
was provided by Monduli District Council (50%). All 130 cattle owners kept a herd 
comprising breeding animals and young stock. Across the 130 cattle owners, the median herd 
size for young stock was 20 (range 4−230), for breeding cows was 40 (range 5−600) and for 
bulls was 14 (range 2−300). Livestock keeping was the main source of livelihood among all 
(100%) of the respondents. However, other income generating activities such as crop 
business (37.7%), small business (3.8%) and salaried employment (2.3%) were also reported. 
 
4.3.2 Cattle owner knowledge, attitudes and practices 
4.3.2.1 Knowledge and perceptions of East Coast fever aetiology and transmission  
All 130 cattle owners reported that it was easy to recognise when their cattle were sick 
with ECF. The respondents identified a total of 14 clinical signs that they attributed to ECF, 
of which 10 were consistent with what is reported in the veterinary literature about ECF 
clinical signs (Table 4.1). Most respondents (74.6%; 97/130) reported that the clinical signs 
in young cattle (enlarged lymph nodes, high fever, difficult breathing and diarrhoea) were 
similar to those seen in adult cattle.  
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Table 4.1Clinical signs of East Coast fever (ECF), as reported by 130 pastoralists in 
Monduli District, Northern Tanzania  
ECF clinical signs  Frequency Percent 
Enlarged lymph nodes  127 97.7 
Lacrimation 85 65.4 
High fever 80 61.5 
Salivation 72 55.4 
Difficult breathing 52 40.0 
Othera  97 74.6 
a Other clinical signs reported by cattle owners included: rough hair coat (34%), diarrhoea 
(17.5%), anorexia (14.3%), coughing (7.8%) and red urine (1%).  
 
Cattle owners reported that ECF was present throughout the year, however, the majority of 
respondents stated that more cases of ECF were seen in the wet season and cool dry season 
(Figure 4.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2 Seasonal observations of East Coast fever (ECF) in cattle and tick 
(Rhipicephalus appendiculatus) abundance in Monduli District, Northern Tanzania, as 
reported by 130 cattle owners. Participants were asked to identify the season(s) in which 
they see more ECF/ticks 
 
Factoring in seasonal movement of animals, the respondents reported that ECF was observed 
in their cattle at a variety of locations. For instance, 90.0% (117/130) of cattle owners 
reported that ECF occurred when cattle were brought back to their home village from various 
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areas within or outside Monduli District, 85.0% (110/130) when cattle were grazing away 
from their home village and 83.0% (108/130) among cattle kept in their home village. 
 
Nearly all (97.7%; 127/130) cattle owners reported that ears and the area beneath the tail of 
cattle were preferred sites for R. appendiculatus. Other predilection sites reported for the tick 
were the udder, limbs, under the belly, chest and dew laps. A majority of participants (75.6%; 
98/130) reported seeing R. appendiculatus on pasture. Cattle owners reported seeing these 
ticks throughout the year with higher tick populations observed over the three seasons from 
the wet season to the dry season with a slightly higher proportion of farmers reporting more 
ticks during the cool dry season (Figure 4.2). 
 
Almost all cattle owners (98.5%; 128/130) perceived the existence of a relationship between 
R. appendiculatus abundance and climate conditions in their village. In particular, more than 
half of the respondents stated that ticks were more abundant during periods characterised by 
high temperature (Figure 4.3). A majority (70%; 94/130) of respondents perceived that there 
are other factors that can influence tick abundance. Of these 94 cattle owners, 79 reported 
frequent cattle–wildlife interactions (84.0%), 14 reported a specific type of grass locally 
called ‘Emurwa’ with the botanical name star grass (Cynodon dactlyon) and one reported 
‘vegetation cover’.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3 Perceived relationship between climate parameters and increased tick 
numbers, as reported by 130 cattle owners in Monduli District, Northern Tanzania 
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4.3.3 Management practices 
4.3.3.1. ECF treatment and vaccination 
More than half (54.6%; 71/130) of the cattle owners reported using both commercially 
available drugs and herbal medicines to treat cattle with ECF clinical signs. Forty-four per 
cent (58/130) reported the use of commercially available drugs only, while 0.8% (1/130) 
reported use of herbal medicines only. Burning of the swollen parotid lymph node using a 
heated branding iron (a practice known locally as ‘ebani’) was also reported by 74.6% 
(97/130) of respondents. Of the 72 cattle owners who reported use of traditional medicines, 
93.1%; (67/72) reported using herbal treatments of specific plant species, such as 
(‘Osukuroi’), which are ground, boiled with water and cooled before drenching affected 
calves. Farmers stated that these traditional herbs reduce disease severity. 
 
Of the 129 cattle owners that use commercially available drugs alone or in combination with 
herbal medicine, the commercial drugs known to cure T. parva, namely butalex 
(buparvaquone), Terit® (halofuginone lactate) and Clexon® (parvaquone group), were 
reported by 43, eight and seven respondants respectively. Commercial drugs known to 
suppress T. parva, namely alamycin 300 mg/mL (oxytetracycline dehydrates) and 20% 
oxytetracycline hydrochloride 200 mg, were reportedly used by 124 and 15 respondants, 
respectively. In addition, 51 of the cattle owners also reported the use of non-effective 
commercial drugs such as tylosin (37 respondents), penicillin (10), Berenil® (diminazene 
aceturate) (three) and Samorin® (isometamidium chloride) (one). 
 
Less than half of the respondents (45.4%) vaccinated their cattle against ECF. Reasons for 
not vaccinating against ECF are listed in Table 4.2. 
 
Table 4.2 Reasons stated for not adopting East Coast fever (ECF) vaccination by 69 
cattle owners in Monduli District, Northern Tanzania 
Cattle owners’ reasons  Frequency Percent 
Vaccination is expensive 44 63.8 
Inaccessibility of vaccination services  12 17.4 
Prefer to treat given treatments are more available (e.g. 
oxytetracycline, butalex) 
7 10.1 
No difference between vaccinated and non-vaccinated 
cattle in terms of disease severity 
6 8.7 
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4.3.3.2 Tick control  
Hand spraying was the most commonly used method for tick control reported by respondents 
(90.8%; 118/130), followed by dipping (16.2%; 21/130), pour on treatments (1.5%; 2/130) 
and removal of ticks by hand (1.5%; 2/130). Rotational grazing was not reported as a control 
method by any respondent. The most frequently used acaricide for hand spraying was 
alphacypermethrin (61%; 72/118) applied alone and/or combination with other acaricides. 
The majority (62.7%; 74/118) of cattle owners reported spraying their animals more than 
twice per month while the rest sprayed two times or less per month. Cattle owners were also 
asked to comment on effectiveness of tick control methods. Hand spraying was reported as 
not effective by some respondents (18.6%; 22/118), while the majority of cattle owners who 
applied dipping (21/130) reported that this method was very effective (95%; 20/21).  
 
4.3.3 Cattle demographics and general health 
A total of 960 cattle were randomly selected for blood sampling in the ten study villages in 
wet and dry seasons. Sampled animals comprised of young animals (aged 3 to 12 months) 
and adults (aged >12 months). The characteristics of the 960 cattle sampled are summarised 
in Table 4.3. 
 
Table 4.3 Descriptive results for 960 cattle (240 young 3−12 months, 240 adult >12 
months) sampled in each of two seasons in Monduli District, Northern Tanzania  
Demographic characteristic Wet season Dry season 
Young 
No. (%) 
Adult 
No. (%) 
Young 
No. (%) 
Adult 
No. (%) 
Sex     
Male 114 (47.5)   79 (32.9)  120 (50.0)    35 (14.6) 
Female 126 (52.5) 161 (67.1) 120 (50.0) 205 (85.4) 
Breed     
Short horn zebu 182 (75.8) 198 (82.5) 113 (47.1) 115 (47.9) 
Cross breed   51 (21.3)    33 (13.8) 114 (47.5) 102 (42.5) 
Boran and Sahiwal     7 (2.9)     9 (3.8)    13 (5.4)   23 (9.60 
ECF vaccination status     
Vaccinated   11 (4.6)    24 (10.0)   19 (7.9)    20 (8.3) 
Non-vaccinated 229 (95.4)  216 (90.0) 221 (92.1)  220 (91.7) 
Body condition scorea     
Good (BCS ≥3) 194 (80.8) 211 (87.9) 212 (88.3) 189 (78.8) 
Poor (BCS <3   46 (19.2)   29 (12.1)    28 (11.7)   51 (21.3) 
Pre-scapular lymph node     
Normal (<2 cm)  132 (55.0) 144 (60.0) 133 (55.4) 192 (80.0) 
Slightly enlarged (2−3 cm) 101 (42.1)    69 (28.8) 104 (43.3)   35 (14.6) 
Grossly enlarged (>3 cm)     7 (2.9)    27 (11.3)     3 (1.3)   13 (5.4) 
a Categorisation of body condition score was based on 1−5 body condition score categories. 
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4.3.4 Theileria parva prevalence 
4.3.4.1 Current infection with T. parva  
PCR testing for T. parva revealed variation in infection levels across the 10 study villages, 
with notable seasonal variation between wet and dry seasons (Table 4.4). Six villages showed 
a higher percentage positive in the wet season compared to the dry season while four villages 
showed the opposite pattern. The overall true prevalence across all ten villages was 
significantly higher in the dry season (31.6%; 95% CI=28-36) compared to the wet season 
(15.9%; 95% CI=13-19) (p<0.001).  
 
 
Table 4.4 Percentage of Theileria parva positive cattle sampled in wet and dry seasons in 
ten villages of Monduli District, Northern Tanzaniaa 
Study villages T. parva positive (%)b 
Wet season Dry season  
Meserani Bwawani 7.6 6.6 
Lepurko 21.5 19.1 
Esilalei 29.1 13.8 
Naiti 15.2 8.6 
Mbaash 2.5 15.1 
Eluai 5.1 17.1 
Oltukai 7.6 9.9 
Lossimingori 2.5 5.3 
Donyonaado 3.8 2.6 
Engaruka Chini 5.1 2.0 
a A total of 960 cattle were sampled from 10 villages across consecutive wet and dry seasons. 
For each season, 48 cattle were randomly selected from each village.  
b T. parva positive cattle were identified by nested PCR. (79) T. parva positives in wet season 
and (185) T. parva positives in the dry season. 
 
The proportion of cattle with swollen pre-scapula lymph nodes was 42.5% and 32.3% in the 
wet and dry seasons, respectively (P<0.001). Of the 359 lymph node smears examined, only 
six were positive for macroschizonts (Koch's blue bodies), four of which (1.9%) were 
collected in the wet season and two of which (1.3%) were collected in the dry season. In 
addition, T. parva piroplasms were detected in one lymph node smear in the wet season.  
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4.3.4.2 Prevalence of serum antibodies for T. parva 
All 480 cattle sampled in the wet season were seropositive for T. parva with minimum and 
maximum antibody percent positivity (APP) of 20.1 and 133.7, respectively (Table 4.5). The 
majority (50.2%; 241/480) of cattle had APP values between 20 and 40, and only 0.8% of the 
cattle (4/480) had the highest, APP>120. There was a statistically significant difference in 
APP category distribution between the two age groups (P=0.002) with a higher proportion of 
younger cattle (<12 months of age) having lower APP between 20 and 40.  
 
Table 4.5 Frequency distribution of antibody percent positivity (APP) to Theileria parva 
among 480 cattle, stratified by age group, sampled in the wet season in Monduli 
District, Northern Tanzania. 
APP categories <20 20−40 40−60 60−80 80−100 100−120 >120 
All cattle        
Count 0 241 171 34 15 15 4 
Percent (%) 0 50.2 35.6 7.1 3.1 3.1 0.8 
Young 3−12 months         
Count 0 143 73 14 4 5 1 
Percent (%) 0 59.6 30.4 5.8 1.7 2.1 0.4 
Adult >12 months        
Count 0 98 98 20 11 10 3 
Percent 0 40.8 40.8 8.3 4.6 4.2 1.3 
Count Percent (%): Percentages of cattle clustering within respective antibody percent 
positivity (APP) category 
For all cattle: APP Mean=45.93, Median=39.96; by age group: Chi-square, P=0.002 
 
4.3.5 Predictors of current infection with T. parva  
Twelve variables were associated with T. parva infection (PCR) at the univariable cut-off P-
value of ≤0.25 and were considered in the multivariable analyses (Table 4.6). Three 
variables, namely age of the animal, sampling season and study village were included in the 
final model (Table 4.7). Cattle sampled in the dry season were 2.7 times more likely to be 
PCR positive than those sampled in the wet season. Cattle aged 13−24 months were almost 
three times more likely to be PCR positive than cattle aged older than 24 months. Compared 
to Engaruka Chini, odds of infection were significantly higher in cattle that came from 
Lepurko, Esilalei, Eluai, Mbaash, Naiti, Oltukai, and Meserani Bwawani. The Hosmer-
Lemeshow test (P=0.3) indicated that the overall model fit was satisfactory. 
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Table 4.6 Results of univariable logistic regression. The outcome variable of interest was 
T. parva infection status (determined by PCR). Only those explanatory variables with 
P<0.25 are shown CI, 95% confidence interval. 
Variables  Positive No. 
(%) 
Odds 
ratio 
Lower CI Upper CI P- 
value 
Animal-level variables 
Age category      
3-12 months 118 (24.6) 1.28 0.93 1.78 0.137 
12-24 months 38 (34.5) 2.08 1.30 3.31 0.002 
>24 months  75 (20.3) 1    
      
Source of animal       
Born in herd 219 (24.8) 1.76 0.957 3.369 0.07 
Brought in  12 (15.6) 1 
  
 
      
Body condition score      
Good  187 (23.2) 0.76 0.51 1.11 0.15 
Poor 44 (28.6) 1    
      
Sampling season      
Dry season 152 (31.7) 2.35 1.73 3.20 <0.001 
Wet season 79 (16.5) 1 
  
 
      
Herd -level variables 
Cattle away from home in short rains 
Yes 163 (22.8) 0.76 0.55 1.06 0.11 
No 68 (27.9) 1    
      
Cattle away from home village in cool dry season   
Yes 97 (22.2)  0.83 0.62 1.12 0.23 
No 134 (25.6) 1 
  
 
      
The use of herbal medicine 
Yes 139 (25.6) 1.21 0.89 1.63 0.22 
No 92 (22.1) 1    
      
ECF vaccination       
Yes  117 (26.1) 1.23 0.92 1.66 0.16 
No 114 (22.3) 1    
      
Farmers knowledge of brown ear tick (R. appendiculatus) 
Yes 155 (22.3) 0.71 0.51 0.98 0.04 
No 76 (28.8) 1 
  
 
      
Dipping tick control      
Yes 51 (30.6) 1.48 1.03 2.14 0.04 
No 180 (22.7) 1 
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Frequency of hand spraying tick control 
>2 times per month  111 (21.0) 0.69 0.51 0.93 0.02 
≤2 times per month  120 (27.8) 1 
  
 
      
Area-level variable  
Study village      
Meserani Bwawani 16 (16.7) 2.54 0.99 6.5 0.05 
Lepurko 46 (47.9) 11.69 4.91 27.8 <0.001 
Esilalei 44 (45.8) 10.76 4.52 25.6 <0.001 
Naiti 25 (26.0) 4.48 1.83 10.9 0.001 
Mbaash 25 (26.0) 4.48 1.83 10.9 0.001 
Eluai  30 (31.3) 5.78 2.39 13.96 <0.001 
Oltukai 21 (21.9) 3.56 1.44 8.83 0.003 
Lossimingori 10 (10.4) 1.48 0.54 4.06 0.46 
Donyonaado 7 (7.3) 1.00 0.34 2.97 0.99 
Engaruka Chini 7 (7.3) 1    
 
 
Table 4.7 Final multivariable logistic regression model. The outcome variable of interest 
was T. parva infection status (determined by PCR). CI, 95% confidence interval. 
Variables  Coefficient Odds 
ratio 
Lower 
CI 
Higher 
CI 
P- value 
Sampling season      
Dry season 1.01 2.76 1.97 3.85 <.001 
Wet season  1    
      
Age      
3-12 Months  0.31 1.37 0.96 1.95 0.080 
13-24 Months  1.01 2.74 1.62 4.63 0.000 
>24 months  1    
      
Study village      
Meserani Bwawani 0.95 2.57 0.99 6.67 0.05 
Lepurko 2.59 13.27 5.48 32.15 <0.001 
Esilalei 2.48 11.99 4.95 29.00 <0.001 
Naiti 1.52 4.59 1.85 11.39 0.001 
Mbaash 1.53 4.61 1.86 11.44 0.001 
Eluai  1.86 6.40 2.61 15.71 <0.001 
Oltukai 1.39 4.02 1.59 10.10 0.003 
Lossimingori 0.38 1.47 0.53 4.08 0.46 
Donyonaado -0.002 0.99 0.33 2.99 0.99 
Engaruka Chini  1    
N = 960; Hosmer-Lemeshow test result: 2= 10.035, 8 degrees of freedom, P=3.6 Tick 
collection and T. parva status 
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The number of ticks collected from cattle during the wet season is shown in Table 4.8. The 
highest numbers of collected ticks were recorded in Meserani Bwawani, Lepurko and Esilalei 
villages. No ticks were collected in Donyonaado and Engaruka Chini villages. The overall 
percentage of T. parva positive ticks was 9.9%. 
 
Table 4.8 Number of ticks collected and T. parva infection rates based on PCR analysis. 
Ticks were collected from cattle in Monduli district, Northern Tanzania, in wet season. 
Study village  Number of ticks 
collected 
Number (%) of ticks 
positive for T. parva 
Meserani Bwawani 99 12 (12.1) 
Lepurko 36 1 (2.7) 
Esilalei 24 3 (12.5) 
Naiti 3 1 (33) 
Mbaash 4 0 (0) 
Eluai 8 1 (12.5) 
Oltukai 1 0 (0) 
Lossimingori 6 0 (0) 
Donyonaado 0 0 (0) 
Engaruka Chini 0 0 (0) 
Total 181 18 (9.9) 
 
4.4 Discussion 
This study aimed to determine the prevalence of T. parva infection in wet and dry seasons 
among traditionally managed cattle in pastoralist Maasai communities of Monduli District, 
Northern Tanzania. To our knowledge, this is the first study to provide exhaustive insight into 
seasonal differences of T. parva infections in a large sample size of pastoralist cattle in 
Monduli District. We undertook this work to determine seasonal infection rates for T. parva 
and to better understand the management practices for ECF among Maasai pastoralists. 
Further, we investigated potential factors associated with T. parva status as an important pre-
requisite in the design and implementation of cost-effective ECF control strategies.  
 
In this study, T. parva prevalence was found to vary significantly among the 10 villages. 
Previous observational studies have also reported variation in T. parva infection between 
villages, and attributed this to a variety of factors, including proximity to wildlife interface 
areas (Oura et al., 2011; Kabi et al., 2014; Gul et al., 2015), differences between agro-
ecological zones (which does not apply to this study), geographic variation in either tick 
density and/or tick infectivity (T. parva prevalence), and differences in farm management 
practices and the sampling season  (Deem et al., 1993; Rubaire-Akiiki et al., 2006; Swai et 
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al., 2007; Gachohi et al., 2010; Simuunza et al., 2011; Muhanguzi et al., 2014). These factors, 
as well as seasonal cattle movement patterns that expose cattle to variable intensities of tick 
challenge are likely to contribute to the patterns observed here. We note that some of the 
study villages (e.g. Esilalei and Oltukai) are in close proximity to wildlife interface areas and 
this is expected to contribute to higher exposure to infective ticks (Kazungu et al., 2015).  
 
Our T. parva prevalence data showed that cattle were nearly three times more likely to be 
PCR positive in the dry season compared to the wet season. Yet cattle owners reported higher 
incidence of ECF in the wet season and cool dry seasons (Figure 4.2). Other studies have also 
suggested higher incidence in the wet season (Mulumba et al., 2001; Simuunza et al., 2011; 
Laisser et al., 2016). There are a number of possible explanations for our finding. Firstly, 
cattle movement patterns related to the search for pasture and water during the dry season 
expose different cattle herds to different tick-infested trajectories. Secondly, there was a 
delayed rainfall at the time of wet season sampling, so because of possible increased tick 
activities in the wet season, some animals may have acquired infections late in the wet 
season, or during the subsequent cool dry season, and thus would have been detected in the 
sampling period during the dry period. These infections could then have been detected in 
samples taken during the dry season. Thirdly, due to high sensitivity of the nested PCR, the 
assay can detect cattle with low parasaetemia (Odongo et al., 2010; Abdela and Bekele, 
2016), which may include naturally recovered animals and vaccinated animals. These 
animals would not be detected using conventional methods. Fourthly, our results may have 
also been influenced by new infections acquired from infected nymphs, which are reported to 
be high during the dry season (Mulumba et al., 2001; Magona et al., 2011; Gul et al., 2015). 
Finally, the higher T. parva infection in the dry season may be attributed to inadequate 
nutrition as animals are trekked long distances searching for pasture and water under 
starvation stress, which can lead to a weakened immune system (Kivaria et al., 2004; 
Theodory and Malipula, 2014). 
 
By analysing antibody levels, our study provides further epidemiological assessment of T. 
parva exposure. All cattle sampled were seropositive, indicating a high overall 
seroprevalence among the pastoralist cattle in this district. These results suggest that cattle in 
the study area are presumably under endemic stability as expected in pastoralist cattle 
populations with constant exposure to the parasite (Norval et al., 1991; Kivaria et al., 2004). 
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However, longitudinal studies would be required to confirm endemic stability, as the 
prevalence of T. parva may vary substantially with changes in microclimatic conditions and 
control measures over time (Gitau et al., 1997; Swai et al., 2007).  
 
Compared to adult animals, younger cattle aged three to 12 months had lower antibody 
levels. This finding corroborates the development of immunity in younger cattle either 
following initial exposure to T. parva (Magona et al., 2011) or reflects waning maternal 
antibodies during the first six months of life (Moll et al., 1986; Gachohi et al., 2012; 
Muhanguzi et al., 2014; Gul et al., 2015). Our PCR results showed that younger cattle were at 
higher risk of being T. parva positive than adult cattle and this finding reflects the higher 
susceptibility of younger animals to ECF also demonstrated by Moll et al. (1986) and 
Muhanguzi et al. (2014). 
 
More than half of cattle owners in this study were found to rely on both commercial drugs 
and herbal medicines for treating severely affected calves. The antibiotic oxytetracycline was 
reported as the most frequently used drug by cattle owners in this study compared to anti-
theilerial drugs such as buparvaquone (butalex). Preferential use of antibiotics such as 
oxytetracycline has also been reported among other pastoralist communities in Tanzania 
(Chenyambuga et al., 2010; Laisser et al., 2015) and Uganda (Byaruhanga et al., 2015). 
Although oxytetracycline is not an anti-theilerial drug, it has a suppressive effect to curtail 
the infection in the early stage of the disease (Norval et al., 1992; Gul et al., 2015). Further, 
the widespread use of oxytetracycline is likely due to its lower cost compared to specific anti-
theilerial drugs (Chenyambuga et al., 2010). The use of a local herbal preparation, 
‘Osukuroi’, and the burning (cauterisation) of lymph nodes (‘ebani’) were also reported as 
common at the herd level. These methods were often used alongside treatment with 
antibiotics. A detailed study of the different types of herbs that are commonly used by Maasai 
pastoralists to treat tick-borne diseases is reported by Kioko et al. (2015) in the same study 
area. Traditional herbs are believed to provide relief for severely affected animals (Njoroge 
and Bussmann, 2006; Kioko et al., 2015). However, the effectiveness of local herbs has not 
been evaluated scientifically and warrants further investigation.  
 
Our findings showed that less than half of the cattle owners vaccinate their cattle against 
ECF, and less than 10% of sampled cattle were vaccinated in both seasons (Table 4.3). This 
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vaccination rate is lower than that in neighbouring Simanjiro District, where 66% of the 381 
selected animals in agro pastoral farming system were found to be vaccinated by Kazungu et 
al. (2015). While vaccination has been reported to have positive impacts on ECF control 
(Chengula et al., 2013; Gul et al., 2015), challenges associated with access, affordability and 
vaccine efficacy were reported by cattle owners in the present study as reasons for the low 
adoption. These same challenges have been reported as barriers in numerous other locations 
(Chengula et al., 2013; Marsh et al., 2016), although ECF vaccination is gradually being 
adopted by pastoralists in Northern Tanzania (Martins et al., 2010).  
 
In this study hand spraying was reported to be the most commonly practiced method of tick 
control, a result that aligns with tick control preference reported by other studies in Tanzania 
and Uganda (Swai et al., 2007; Chenyambuga et al., 2010; Mugabi et al., 2010). However, 
frequent hand spraying – although associated with lower odds of T. parva PCR positive status 
in the univariable analysis – was not included in the final multivariable model, indicating that 
it was not having a significant protective effect. This finding, which is similar to other studies 
(Swai et al., 2005; Swai et al., 2007), suggests the hand spraying is an ineffective tick 
deterrent when not conducted properly. Wesonga et al. (2010) reported challenges for the 
hand spraying method including widespread misuse of acaricides, counterfeiting of acaricides 
and inappropriate dilution, as well as development of resistance in the tick. Dipping was 
another tick control method reported in this study, albeit by substantially fewer cattle owners. 
For the study villages, limited use of dipping was linked by cattle owners to the fact that most 
dip tanks were currently dysfunctional (Kimaro et al., 2017, submitted). The non-operational 
dip tanks in the study area may reflect the government withdrawal of veterinary services 
support in Tanzania since the early 1990s (Hezron et al., 2012). Additionally, costly 
acaricides and water scarcity in pastoral lands remain important challenges for running dips 
(Chenyambuga et al., 2010).  
 
The low number of ticks collected from cattle in the wet season may reflect tick control 
practices of pastoralists in this season and variation in tick challenge across the study 
villages. Cattle owners reported evidence of seasonality of R. appendiculatus, with a peak in 
the cool dry season (June−July) which was also reported by Kioko et al. (2015) in the same 
district. The reported seasonal variation (Figure 4.2) likely reflects the suitability for R. 
appendiculatus development and survival of the lowland study area (Rubaire-Akiiki et al., 
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2004; Gachohi et al., 2012) or the bi-modal rainfall pattern that occurs in the study area. In 
this rainfall pattern, R. appendiculatus can have multiple generations in one year as opposed 
to areas with one rainfall season such as regions in South Africa which experience 
pronounced seasonal variation in tick numbers (Norval et al., 1991; Magona et al., 2011). To 
gain better understanding of R. appendiculatus infection rates in this study area, and seasonal 
variation in the tick abundance and population, a further detailed investigation is needed. 
 
The pastoralists’ description of the relationship between climatic factors and tick population 
noted that high temperature was an important factor for tick abundance. Randolph (2004) 
noted that temperature has an important influence on the inter-stradia development of R. 
appendiculatus. However, rainfall (rainy season) has also been associated with increased 
adult tick activity (Mooring et al., 1994; Okello-Onen et al., 1999), yet fewer cattle owners 
associated rainfall with tick abundance. The cattle owners’ experience (Figure 4.3) might be 
associated with observation of continuous overlapping generations of ticks all year round in 
the study area, and this could have influenced their observations in this study.  
 
The cross-sectional approach used in this work provided two snapshots of cattle status that 
provides baseline information. Due to the nature of the cross-sectional design this work had 
limited ability to investigate seasonal variation, particularly in the context of pastoralist 
management with movement of substantial portions of the cattle herd away from the home 
village to source feed and water. Likewise, it was unable to provide definitive evidence of 
endemic stability in the study area, and this was further constrained by insufficient 
information on the occurrence of clinical cases of ECF. The low sensitivity of microscopic 
examination for lymph nodes smears may have failed to detect schizonts given the substantial 
proportion of cattle found with swollen pre-scapular lymph nodes during both cattle surveys. 
The information gained from the cattle owner survey is likely to be impacted somewhat by 
recall biases (e.g. type of drugs used for treatment), and perhaps by cattle owner perception of 
the answers preferred by the researcher. Furthermore, the questionnaire was limited in its 
ability to investigate the detail on cattle movement and its relationship to clinical ECF 
occurrence, tick presence on cattle, and administration of ECF treatment. For logistical 
reasons, tick collection was carried out in the wet season only, and thus the information 
gained from cattle owners’ observation on tick seasonal distributional may lack a balanced 
comparison. In addition, the method used for tick DNA analysis (NH4OH) has some 
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limitations as the test has poor DNA extraction from nymphs, as compared to the commercial 
kits, and this may have influenced the result of T. parva prevalence in ticks for this study. 
However, further studies on seasonal variation of T. parva and of tick infectivity are crucial, 
and a longitudinal study is proposed to better understand this in both cattle and R. 
appendiculatus, and their relationship to clinical ECF and to pastoralist management 
practices. This would also enable determination of the extent to which endemic stability is 
attained in Northern Tanzania under current climatic conditions.  
 
4.5 Conclusion  
The findings presented in this study provide evidence of widespread infection with T. parva 
across Monduli District in Northern Tanzania. The high seroprevalence of T. parva indicates 
that the study area is likely under a state of endemic stability. The baseline information on 
seasonal occurrence of T. parva provided by this study can be a reference point to compare 
ECF level as predicted climatic changes progress in arid and semi-arid areas. The majority of 
cattle owners seem to have a substantial understanding of ECF epidemiology and tick 
management, yet relatively high rates of infection with T. parva were still found in this study 
area. Improvement of control strategies is essential to achieving successful and sustainable 
management of ECF in pastoralist communities in the future. Specifically, improvements to 
the efficacy, accessibility and affordability of vaccination, and revisions to existing tick 
control practices will be necessary. 
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Prologue 
 
This chapter reports analysis of trypanosome infection among Maasai cattle in Northern 
Tanzania during the wet and dry seasons. The infection status of circulating tsetse flies in the 
study area is also reported. Additionally, this chapter provides a detailed overview of cattle 
movements in the dry season, including specific areas to which the pastoralists usually move 
their cattle during the dry season. Cattle−wildlife interaction in grazing areas and water points 
is also presented. Cattle owners’ knowledge about cattle trypanosomosis, the competent 
vector and its ecology, and the management practices they implement against trypanosomosis 
are also presented in this chapter.  
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Abstract   
African animal trypanosomosis (AAT) is a parasitic disease considered to be one of the 
greatest constraints to cattle production in Tanzania. There is insufficient information on 
seasonal occurrence of AAT and management practices in Monduli District of the Maasai 
Steppe ecosystem to guide and prioritise AAT control programs. A cross-sectional survey 
was undertaken in 10 randomly selected villages of Monduli District. Information on 
seasonal animal movements including wildlife interaction, and AAT management practices 
was gathered using a standardised questionnaire with 130 pastoralists. Blood samples were 
collected from a total of 960 cattle, in wet and dry seasons. An entomological survey was also 
undertaken in the dry season. Polymerase chain reaction targeting the internal transcribed 
spacer 1 (ITS1) was used for parasite identification in cattle blood and in tsetse flies. The 
overall apparent prevalence of AAT in cattle was 5.8% (95% CI of 4.1-8.3) and 4.2% (95% 
CI of 2.7-6.3) during wet and dry reasons, respectively. Trypanosoma vivax was the most 
common species identified in cattle. All tsetse flies (n=426) collected were trapped in Esilalei 
village, which is in close proximity to Lake Manyara National Park. Tsetse fly infection 
status was determined to be 7.0%; (CI 95% of 4.9-9.8%) with nearly 50% of infections due to 
T. congolense. All 130 cattle owners reported that they could easily recognise AAT and the 
majority (75%) identified the most prominent clinical signs. Nearly all owners (98.5%) 
identified that tsetse flies were responsible for AAT transmission. All cattle owners (100%) 
reported the use of trypanocides for AAT treatment, while 2.3% reported that they also use 
herbal medicine. The trypanocides, Novidium® and Berenil®, were the most frequently 
reported commercial drugs and were used by 42% of cattle owners. Vector control by hand 
spraying was reported by the majority (90.8%) of cattle owners, while dipping and 
deployment of insecticide-impregnated targets were reported by few cattle owners (16.2% 
and 5.4%, respectively). The majority of cattle owners (83.1%) reported that they move cattle 
away from home villages during the dry season, with many migrating to areas in close 
proximity to wildlife parks. This study confirms the presence of circulating pathogenic 
trypanosomes in tsetse flies, which continues to pose a threat for the Maasai cattle. The 
seasonal movement of cattle during dry season was associated with more clinical cases of 
cattle trypanosomosis. This study demonstrates the need to strengthen surveillance and 
control strategies for AAT. 
Keywords: Cattle trypanosomosis, tsetse flies, seasonal movements, management practices, 
seasonality, Northern Tanzania. 
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5.1 Introduction  
Updated information on seasonality of African animal trypanosomosis (AAT) in the Maasai 
Steppe ecosystem of Tanzania is essential for effective management of the disease in this 
region, which is characterised by high tsetse infestation and large herds of cattle 
intermingling with wildlife. This is particularly important, given that tsetse distribution and 
animal trypanosomosis risk can be influenced by global drivers, including anthropogenic 
habitat destruction and climate change (Reid et al., 2000; McDermott et al., 2002; Moore et 
al., 2012). Currently, control of AAT in cattle in affected countries is achieved by using 
chemoprophylaxis and chemotherapy strategies (Ngumbi and Silayo, 2017). These practices 
come at full cost to livestock keepers in Tanzania following government withdrawal of 
support for livestock health services in the early 1990s (Rutabanzibwa, 2002). Privatisation of 
veterinary services across the country has further contributed to less reliable research 
activities and poorer maintenance of tsetse control facilities (Malele, 2011).  
 
Cattle trypanosomosis is a World Organisation for Animal Health OIE-listed notifiable, 
vector-borne disease affecting livestock production across sub-Saharan Africa (SSA) (Diall et 
al., 2017). The disease is caused by flagellated protozoa of the genus Trypanosoma, which is 
biologically transmitted by the tsetse fly (Glossina spp.), as well as mechanically transmitted 
by several biting flies. The parasite affects a wide range of domestic and wild animals. Cattle 
are the most susceptible domestic animals to T. congolense, T. vivax and T. brucei 
(Namangala et al., 2012). In addition, T. b. rhodesiense and T. b gambiense can infect 
humans, causing the devastating disease, sleeping sickness. In cattle, trypanosomosis is 
characterised by a chronic form and an acute and rapidly fatal form depending on the parasite 
pathogenicity (Biyazen et al., 2014) and host susceptibility (Murray et al., 1984). The main 
clinical signs of AAT are intermittent fever, anaemia, debilitation and severe emaciation, 
often terminating in death if untreated. Cattle trypanosomosis causes severe losses in 
production relating to poor growth rates, weight loss, low milk and meat yields, infertility and 
abortion (Magona et al., 2003). 
 
Economic losses estimated in the range of US$1−1.2 billion have been attributed to 
trypanosomosis, which causes the deaths of approximately 3 million cattle and administration 
of 35 million doses of trypanocides in tsetse-infested areas every year (Kristjanson et al., 
1999) These estimates were reported almost two decades ago. Unfortunately, no recent 
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systematic economic analysis has been undertaken to identify changes over time. In 
Tanzania, trypanosomosis continues to cause wide socio-economic impacts and the disease 
ranks top in terms of important cattle diseases (Mugittu et al., 2001; Chengula et al., 2013). 
Recent reports on tsetse distribution indicate approximately 33% of the mainland is infested 
and remains vulnerable to tsetse fly infestations (Daffa et al., 2013). Despite long-term 
attempts to eradicate animal trypanosomosis in SSA, the disease has hardly receded and 
remains a major constraint to cattle production in the affected countries, including Tanzania 
(Meyer et al., 2016). Some estimates suggest that AAT limits the full potential of livestock 
production by up to 40% (MLDF, 2011).  
 
In the Maasai Steppe ecosystem, the risk of trypanosomosis infection and transmission in 
cattle is amplified by the frequent interactions of livestock and wildlife (Auty et al., 2016). 
Such interaction occurs when livestock and wildlife interact in conservation areas in search of 
adequate pasture and water, an increasingly common scenario driven by climate change 
effects and population growth (Van Den Bossche et al., 2010). The predicted impact of 
climate change and extreme weather events such as increasingly frequent drought periods is 
reported to intensify seasonal animal movement, and thus increase cattle exposure to infected 
tsetse flies (Meyer et al., 2016).  
 
Information on the occurrence of cattle trypanosomosis and its management in Monduli 
District in Northern Tanzania remains imprecise. To date most studies in this district have 
only investigated AAT prevalence at one time point, making relationship to climate and 
weather patterns difficult to discern. Further, previous studies have used diagnostic tests with 
low sensitivity (Swai and Kaaya, 2012; Haji et al., 2014). This study was conducted to 
determine seasonal prevalence of Trypanosoma spp. infections in cattle and tsetse flies in 
relation to cattle management practices, including cattle movement, wildlife interaction, 
knowledge and control practices for AAT in pastoralist communities. 
 
5.2 Materials and Methods  
5.2.1 Study area 
A full description of the study area and selection of study villages is provided in Chapter 3. 
The study was carried out in Monduli District, Northern Tanzania in 2015. Approximately 
85% of the district is classified as arid/semi-arid savannah land that experiences a bimodal 
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rainfall pattern. The bi-modal rainfall pattern is characterised by short rains between 
November and December and the wet season between March and May. Annual rainfall 
ranges between 500−600 mm in the lowland and 1200 mm in the highland area (ADF, 2003). 
The mean monthly maximum temperature is 25−28ºC (Kaswamila, 2009). A cool dry season 
from June to July follows after the wet season, while a long dry season and short dry spell 
occur from August to October and January to February, respectively (FAO, 2006).  
 
5.2.2 Ethical considerations 
Human and animal ethical approvals were obtained from the research ethics committee at the 
University of Sydney, Australia, and the Tanzania Commission for Science and Technology 
(COSTECH; No.2013-241-NA-2014-175). 
 
5.2.3 Cattle owner survey 
A survey of cattle owners was carried out in ten randomly selected villages in the lowland 
agro-ecological zone of Monduli District. Details on the general methodology of the survey 
and conduct of the cattle owners’ interviews were described in detail in Chapter 4. In brief, a 
total of 130 cattle owners were randomly selected from the ten studied villages to participate 
in the survey. A questionnaire was developed and administered via face-to-face interviews 
during the first round of data collection (March to May 2015). The questionnaire gathered 
information on cattle owner demographics; cattle seasonal movement and wildlife 
interaction; attitudes towards AAT; knowledge of AAT clinical features, transmission and 
vector ecology; and practices related to AAT management and vector control (see Appendix 
5). For questions related to possible vectors, respondents were asked to identify different 
species of vectors (ticks and flies) stored in different vials.  
 
5.2.4 Cattle survey 
The cattle survey was conducted during the wet (March−May) and dry (August−September) 
seasons. This cattle survey is the same as the one carried in Chapter 4. The target sample size 
to measure the prevalence of AAT in cattle in each season was 480, based on an expected 
prevalence of 50%, 95% confidence level and 5% desired absolute precision. The sample size 
was calculated using Epitools application (Sergeant, 2017) based on a formula by Humphry 
et al. (2004). Further, to compare AAT prevalence between seasons or age groups, the target 
sample size per group with 95% confidence level and 80% power was 313 for groups with 
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30% and 20% prevalence respectively, and 219 for groups with 20% and 10% prevalence 
respectively. Four cattle, comprising two young (3−12 months) and two adults (>12 months 
old) were randomly selected from the herd of each participating cattle owner during each 
sampling season. Thus, data and blood samples were collected from a total of 480 cattle (240 
young, 240 adult) during the wet and dry seasons, respectively (see Appendix 6).  
 
Specimen handling followed procedures described in Chapter 4. Briefly, jugular blood was 
collected in EDTA vacutainer tubes and stored in cool boxes until transfer to the Tanzania 
Veterinary Laboratory Agency (TVLA) in Arusha, Tanzania, where they were stored at 
−20°C. Whole blood samples were later transported to the Genome Science laboratory, 
College of Veterinary Medicine and Biomedical Sciences at Sokoine University of 
Agriculture, Morogoro Tanzania for analysis.  
 
5.2.5 Entomological survey  
A cross-sectional tsetse fly survey was conducted in all ten studied villages in the cool dry 
season from June to July 2015. To better understand the distribution and infection status of 
tsetse flies. A total of 100 traps were deployed and baited with acetone and octanol in each 
village in environments most favourable to tsetse flies (vegetation/habitat of acacia scattered 
bushland and acacia open woodland) at an interval of 100−200 m. Conventional stationary 
traps (pyramidal, NGU, NZI, and S3) previously reported to be suitable for the study area 
were used (Malele et al., 2011). The location of each trap was recorded with a hand-held 
Global Positioning System (GPS) unit. Traps were exposed for three consecutive days (72 
hours) and were inspected every day. Collected tsetse flies and other haematophagous flies 
were stored in ethanol and transported to the Vector and Vector-Borne Disease Research 
Centre (VVBD) in Tanga, where an entomologist identified the flies by morphological 
criteria. The tsetse flies were counted and identified by species and sex before trypanosome 
DNA extraction.  
 
5.2.6 Molecular analysis of Trypanosoma spp. in cattle blood and tsetse flies 
DNA was extracted from cattle blood as described in the protocol by Quick-gDNA blood 
mini prep kit (Zymo Research, Irvine, California, USA). DNA was then subjected to internal 
transcribed spacer 1 polymerase chain reaction (ITS1-PCR) using primers with the following 
sequences: CF: 5'-CCG GAA GTT CAC CGA TAT TG-3' and BR: 5'-TTG CTG CGT TCT 
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TCA ACG AA-3' (Njiru et al., 2005). The reaction was performed in a 25 μL reaction 
volume containing 12.5 μL of Mastermix (Quick-Load Taq 2× Master Mix, New England 
BioLabs Inc., Ipswich, Massachusetts, USA) containing DreamTaq DNA polymerase 
supplied in 2× DreamTaq buffer, 0.4 mM of each of the dATP, dCTP, dGTP and dTTP, and 
4 mM MgCl2, 0.2 μM of each of the forward and reverse primers, 6.3 μL nuclease free water 
and 5 μL DNA template. The reaction was conducted in a thermocycler (ProFlex PCR 
system, Applied Biosystems, Foster City, California, USA) with an initial denaturation step 
of 94 °C for 3 minutes, followed by 30 cycles of 94 °C for 30 seconds, 55 °C for 30 seconds, 
72 °C for 30 seconds and a final extension step at 72 °C for 10 minutes.  
 
For the detection of trypanosomes in tsetse flies, the flies were removed from ethanol and left 
to dry on a bench before being placed into sterile 1.5 mL tubes. Each tube contained a single 
fly, which was ground up using sterile pestles. DNA was then extracted from each individual 
fly using DNeasy® Blood and Tissue kits (Qiagen Ltd., West Sussex, United Kingdom) 
according to the manufacturer’s recommendations. DNA was subjected to PCR using the 
ITS1 CF and BR primers described above. PCR amplifications were performed by thermal 
cycler (GeneAmp 9700) PCR system in a total volume of 25 μL containing 0.5 μL of 10 
picomole of each primer, 12.5 μL of one 2× master mix (BioLab. new England), 9.5 μL of 
PCR water and 2 μL of each DNA template. Amplification conditions were: initial 
denaturation of 94 °C for 30 seconds, followed by 30 cycles of 94 °C for 30 seconds, 58 °C 
for 40 seconds, 68 °C for 1 minute and a final extension step of 68 °C for 5 minutes. Samples 
of 10 µL of each reaction product were run in a 1.5% agarose gel with a solution of ethidium 
bromide. Infections in tsetse flies were identified based on fragment sizes as follows: T. 
congolense Forest 710bp; T. congolense savannah 700 bp; T. congolense kilifi 620 bp; T. 
brucei 480bp; T. simiae 400 bp; T. vivax 250 bp T. godfreyi −300 bp (Njiru et al., 2005). 
 
5.2.7. Data analysis 
Data from questionnaires and cattle biodata forms were entered in Epi Info™ 3.5.4 (Centers 
for Disease Control, Atlanta, GA, USA) and imported into Microsoft Excel 2010 for 
cleaning. Missing and invalid entries were checked against hard copies. Data were exported 
and all analysis performed using Statistical Package for Social Science version 22 (SPSS Inc, 
Chicago, USA). Descriptive analysis was performed using frequency tables and charts for 
categorical variables and mean, median and range for continuous variables. Apparent 
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prevalence of Trypanosoma spp. infection (ITS1-PCR) and associated confidence intervals 
were estimated using Epitools software (Sergeant, 2017). Village locations and cattle 
movement trajectories were mapped using ArcGIS version 10.2 (Environmental Systems 
Research Institute, Redlands, CA, USA). 
 
To explore associations between AAT status and various possible predictors, a logistic 
regression model was fitted using Statistical Package for Social Science version 22 (SPSS 
Inc, Chicago, USA). Twenty-four explanatory variables (8 animal-level, 14 farm-level, 2 
area-level) were initially assessed using univariable logistic regression. A liberal cut-off (p ≤ 
0.15) was used to select explanatory variables for inclusion in a multivariable model.  
 
5.3 Results 
5.3.1 Cattle owner demographics 
The demographic characteristics of the 130 cattle owners that participated in the study are 
presented in Table 5.1. Herd size ranged between 2 and 600 cattle, with a median herd size of 
40 for breeding cows (range 5−600). 
 
Table 5.1 Description of 130 cattle owners surveyed in Monduli District, Northern 
Tanzania in 2015 
Demographic characteristic Number (%) 
Sex  
Male 124 (95.4) 
Female 6 (4.6) 
Age (years)  
18-35 42 (32.3) 
36-54 62 (47.7) 
55-75 23 (17.7) 
76-95 3 (2.3) 
Education  
None 69 (53.1) 
Primary 61 (46.9) 
Secondary 0 (0) 
Livelihood  
Main income source-livestock keeping 128 (98.5) 
Other income generating activities reported  
Crop business 49 (37.7) 
Business 5 (3.8) 
Employment  3 (2.3) 
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5.3.2 Cattle management  
5.3.2.1 Cattle seasonal movements   
The majority (83.1%; 108/130) of cattle owners reported that they moved their cattle away 
from home villages in search of pasture and water during the long dry season of the previous 
year. A higher proportion of cattle owners (93.2%; 121/130) indicated that this was the usual 
practice in each year. 
 
Cattle movement trajectories used by the pastoralists in the previous long dry season are 
depicted in Figure 5.1. Out of 96 destination villages reported by cattle owners, 88 could be 
mapped. Of these, 51 were within Monduli District while the remaining destination villages 
were in neighbouring districts of Simanjiro, Longido, Babati, Kiteto and Arumeru. The most 
frequently mentioned trajectories led to areas around Lake Manyara (including study villages, 
Esilalei and Oltukai) (n=14), Mswakini Juu (n=9), Mbaash (n=8), Simanjiro District 
(including Emboreet, Loibo siret, Sukuro villages) (n=19) and Ngorongoro conservation area 
(including Longido area) (n=8).  
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Figure 5.1 Map of Monduli District in Northern Tanzania showing cattle movement 
trajectories in the previous dry season (2014). Study villages are depicted as coloured 
circles. Lines depict cattle movement trajectories from the study villages and have the 
same colour as the origin (study) village. Given that precise locations were unknown, 
the end of the trajectory is displayed as the centroid of the destination village. Where 
cattle were moved to villages in adjacent Districts (shown in italics), these have been 
aggregated to the level of the District and do not represent precise locations. Inset: 
location of Monduli District within Tanzania. 
 
5.3.2.2. Wildlife-cattle interactions  
All (130) respondents reported that they had seen wildlife in grazing areas and at water points 
when their cattle were accessing these resources. Overall, the following wildlife were 
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observed by cattle owners: zebra (96.2%; 125/130); antelope (90%; 117/130); giraffe (74.2%; 
98/130); buffalo (68%; 90/130); elephant (56.8%; 75/130) and wildebeest (45.5%; 60/130). 
Other wildlife reported by cattle owners were hyena, lion and warthogs. The number of cattle 
owners that reported seeing wildlife differed between villages (Figure 5.2). For example, 
cattle interaction with buffalo and giraffe was reported by more pastoralists from Esilalei, 
Oltukai and Mbaash, while cattle interaction with elephants was reported by more pastoralists 
from Esilalei and Oltukai.  
 
The majority of respondents reported that they experienced frequent cattle-wildlife 
interactions in the long dry season (65.4%; 85/130). The frequency of cattle-wildlife 
interactions varied by season and study village − Supplementary Figure S1 (Appendix 8). No 
clear pattern was established across seasons and study villages. However, more frequent 
livestock−wildlife interactions, particularly in the dry season were observed in some study 
villages, namely Engaruka Chini, Esilalei, Oltukai, and Donyonaado.  
 
5.3.3 Knowledge, attitudes and practices of cattle owners  
5.3.3.1 Knowledge and perceptions of AAT aetiology and transmission  
All 130 cattle owners reported that they were able to recognise when their cattle were 
sick from AAT. Respondents identified a total of 12 clinical signs which they attributed to 
AAT (Table 5.2). Cattle owners reported that AAT occurred throughout the year, however, 
more clinical cases were observed in the dry season, as reported by 88.5% (115/130) of 
respondents (Figure 5.3). Although respondents observed AAT cases in cattle at a variety of 
locations, 87.7% (114/130) reported that more clinical AAT cases were observed when cattle 
were grazed away from their home village.  
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Figure 5.2 Wildlife-cattle interaction at grazing areas and water points, as reported by 130 cattle owners in Monduli District, Northern 
Tanzania. Participants were asked to identify the species of wildlife observed at grazing areas and water points 
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Table 5.2 Clinical signs for African animal trypanosomosisas reported by 130 
pastoralists in Monduli District, Northern Tanzania  
AAT clinical signs  Number Percent 
Rough (‘staring’) hair coat  104 80.0 
Loss of tail switch 103 79.2 
Weight loss 101 77.7 
Lacrimation   89 68.5 
Other a   81 62.3 
a Other clinical signs reported by cattle owners (listed in order from most to least often stated) 
were: swollen pre-crural lymph node, diarrhoea, coughing, reduced milk yield, anorexia, 
difficult breathing, fever and general body weakness. 
 
The majority of Maasai cattle owners (98.5%; 128/130) were knowledgeable that cattle 
acquire AAT from flies. Eighty-five percent of these (110/128) specifically identified the 
tsetse fly alone as the vector for AAT while 14.1% (18/128) reported tsetse fly and other 
biting flies such as Tabanus spp. to be responsible for AAT transmission. None of the cattle 
owners reported ticks as vectors for AAT while a few respondents (1.5%; 2/130) reported 
unspecified flies.  
 
5.3.4 Knowledge and perception of tsetse fly ecology 
A high percentage (86.9%; 113/130) of respondents reported to have seen tsetse flies around 
their home villages and in neighbouring villages, mostly on trees and shrub vegetation 
(78.5%; 102/130). Other tsetse habitats reported by participants were forest vegetation 
(74.6%; 97/130), riverine habitats (5.4%; 7/130), and near water streams (1.5%; 2/130). 
Cattle owners also reported seeing more tsetse flies during the dry season (Figure 5.3). 
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Figure 5.3 Seasonal observations of AAT cases in cattle and of tsetse fly abundance in 
Monduli District, Northern Tanzania, as reported by 130 cattle owners. Participants 
were asked to identify the season(s) in which they see more AAT/tsetse flies. 
 
The majority (92.3%; 120/130) of respondents reported the existence of a relationship 
between tsetse fly abundance and weather conditions in their village. Seventy-eight per cent 
(101/130) of cattle owners associated high temperature with high tsetse fly abundance (Figure 
5.4). Around half (66/130) perceived that there are other factors that influence tsetse fly 
abundance. Factors stated to be associated with increased fly numbers were frequent cattle-
wildlife interactions (53.4%; 31/58) and vegetation (46.6%; 27/58). Conversely, land cover 
changes, such as destruction of environment and expansion of human settlement were 
reported by 12.2% (8/66) respondents to reduce tsetse fly numbers.  
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Figure 5.4 Perceived relationship between climate parameters and increased tsetse fly 
numbers, as reported by 130 cattle owners in Monduli District, Northern Tanzania 
 
5.3.5 Management practices  
5.3.5.1 AAT treatment  
While all interviewed cattle owners used available commercial drugs to treat their cattle 
against AAT, a few (2.3%) used herbs such as ‘Usukuroi’ in addition to these treatments. 
Most cattle owners (77.7%; 101/130) reported to use more than one trypanocidal drug 
including Berenil® (diminazene aceturate), Novidium® (homidium chloride) and Samorin® 
(isometamidium chloride) (28%; 37/130); Berenil® and Novidium® (41.5%; 54/130); 
Berenil® and Samorin® (4.6%; 6/130) and Novidium® and Samorin® (3.1%; 4/130). Fewer 
farmers reported using Berenil® only (14.6%; 19/130) or trypanocides in combination with 
antibiotics such as oxytetracycline and penicillin (7.7%; 10/130).  
 
5.3.5.2 Tsetse control 
Most Maasai cattle owners (90.8%; 118/130) reported hand spraying as the most commonly 
used method for vector control, followed by dipping (16.2%; 21/130), pour-on treatments 
(1.5%; 2/130) and removal of ticks by hand (1.5%; 2/130). The most frequently used 
insecticide for hand spraying was alphacypermethrin (61%; 72/118) applied alone or in 
combination with other insecticides. The majority (62.7%; 74/118) of cattle owners reported 
spraying their animals more than twice per month while the rest sprayed twice or less per 
month. Few (5.4%; 7/130) cattle owners reported availability of insecticide impregnated 
targets or traps in their villages. 
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5.3.6 Prevalence of trypanosome infections in cattle 
The characteristics of the 960 cattle sampled during wet and dry seasons are summarised 
Table 5.3. The overall apparent prevalence of trypanosomosis in cattle in the wet and dry 
seasons was 5.8% (95% CI; 4.1-8.3) and 4.2% (95% CI; 2.7-6.3), respectively. Out of 48 
PCR positive cattle, the majority of infections were caused by T. vivax. Seven cattle had 
mixed infections (T. vivax and T. congolense) while there were single cases of T. congolense 
and T. b. brucei, respectively. Apparent prevalence of Trypanosoma spp. among the study 
villages is shown in Table 5.4. 
 
Table 5.3 Descriptive results for 960 cattle (240 young 3−12 months, 240 adult >12 
months) sampled in each of two seasons in Monduli District, Northern Tanzania in 2015 
Demographic 
characteristic 
Wet season Dry season 
Young 
No. (%) 
Adult 
No. (%) 
Young 
No. (%) 
Adult 
No. (%) 
Sex     
Male 114 (47.5)   79 (32.9) 120 (50.0)   35 (14.6) 
Female 126 (52.5) 161 (67.1) 120 (50.0) 205 (85.4) 
     
Breed     
Short horn Zebu 182 (75.8) 198 (82.5) 113 (47.1) 115 (47.9) 
Zebu cross breed   58 (24.2)   42 (17.5) 127 (52.9) 125 (52.1) 
     
Body condition score a     
Good 194 (80.8) 211 (87.9) 212 (88.3) 189 (78.8) 
Poor   46 (9.2)   29 (12.1)   28 (11.7)   51 (21.3) 
a Categorisation of body condition score was based on 1−5 body condition scores standard 
level. In this study BCS ≥3 was considered to be good, while BCS <3 to be poor.  
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Table 5.4 Trypanosome species identified by ITSI-PCR in cattle sampled in wet and dry 
seasons (n=960) in ten villages of Monduli District, Northern Tanzania in 2015 
Village No. (%) positive  Species 
Wet 
season 
Dry 
season 
T. vivax 
only 
T. 
congolense 
only 
T. brucei 
only 
Mixedb 
 
Meserani Bwawani 0 (0) 7 (14.5) 7 0 0 0 
Lepurko 1 (2.1) 2 (4.2) 2 0 0 1 
Esilalei 2 (4.2) 2 (4.2) 4 0 0 0 
Naiti 0 (0) 0 (0) 0 0 0 0 
Mbaash 8 (16.7) 0 (0) 8 0 0 0 
Eluai 2 (4.2) 2 (4.2) 2 0 0 2 
Oltukai 1 (2.1) 3 (6.3) 1 1 0 2 
Lossimingori 2 (4.2) 1 (2.1) 2 0 1 0 
Donyonaado 8 (16.7) 0 (0) 8 0 0 0 
Engaruka Chini 4 (8.3) 3 (6.3) 5 0 0 2 
Total 28 (5.8) 20 (4.2) 39 1 1 7 
a A total of 960 cattle were sampled from 10 villages across consecutive wet and dry seasons.  
For each season survey, 48 cattle were randomly selected in each village 
b All mixed infections were T. vivax and T. congolense. 
 
5.3.7 Risk factors for trypanosome infection in cattle  
All variables tested in the univariable analysis were above the threshold (p-value ≤ 0.15; 
Supplementary Table S1 Appendix 9) and therefore multivariable regression was not carried 
out.  
 
5.3.8 Prevalence of trypanosome infections in tsetse flies  
All tsetse flies (n=426) were trapped in Esilalei village which is in close proximity to Lake 
Manyara National Park (Figure 5.1). The only tsetse fly species identified was G. pallidipes. 
In addition, a total of 228 Stomoxys spp. and 95 Tabanus spp. biting flies were collected 
across all sites surveyed. Apparent prevalence of infected flies among the collected tsetse 
flies was 7.0 % (95% CI 4.9-9.8). Of the 30 tsetse flies that tested positive, single or mixed 
infections with T. congolense Kilifi (n=9), T. congolense forest (4), T. congolense savannah 
(4), T. brucei (7), T. simiae (7), T. godfreyi (2) and T. vivax (2) were indicated. The infected 
tsetse flies comprised 19 males and 11 females. Mixed infections were observed in seven 
tsetse flies.  
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5.4 Discussion 
This study is the largest, both in terms of study area and sample size, to document prevalence 
of trypanosome infections in cattle in Monduli District in the Maasai Steppe ecosystem. We 
have provided a detailed analysis of trypanosomosis in Maasai pastoral communities in 
relation to seasonal cattle movement and cattle-wildlife interactions. Further, we used two 
PCR based molecular techniques that amplify the Internal Transcribed Spacer (ITS) genes of 
trypanosomes to confirm presence and prevalence of infections in cattle and tsetse flies, 
during wet and dry seasons. Collectively, these results improve the epidemiological 
understanding of trypanosome infections among traditionally managed Maasai cattle. Our 
laboratory findings were complemented with data on local knowledge, attitudes and 
management practices towards AAT among Maasai pastoralists.  
 
The overall apparent prevalence of trypanosomosis in the present study is in agreement with 
previous reports in the same study area by Swai and Kaaya (2012) and Haji et al., (2014) who 
found a prevalence of ≤5% using parasitological methods. The PCR assay used in the present 
study has high diagnostic utility due to its sensitivity, and is often applied for large-scale 
epidemiological surveys due to its capability in identifying several pathogenic trypanosome 
species in a single PCR reaction, thus allowing a greater number of field samples to be tested 
quickly (Nakayima et al., 2012; Laohasinnarong et al., 2015).  
 
Similar to previous studies in Monduli District, T. vivax was the predominant trypanosome 
species identified in cattle (Swai and Kaaya, 2012; Haji et al., 2015). This may suggest a 
reduced presence of the biological vectors for T. congolense and increased occurrence of 
other biting flies (hematophagous) such as Tabanus spp. and Stomoxys spp. that have been 
implicated mechanical transmission of T. vivax elsewhere (Desquesnes et al., 2009). 
Alternatively, the sensitivity of the ITS1-PCR may be lower for T. congolense if, for instance, 
this species is associated with lower parasitaemia levels. Nonetheless, the co-infections in 
cattle and tsetse flies identified in this study reflect the ability of ITS1-PCR test to distinguish 
multiple species of trypanosomes in contrast to microscopic examination (Laohasinnarong et 
al., 2015).  
 
The majority of cattle owners reported that they observed more cases of trypanosomosis 
during the dry season, especially when cattle are away from home villages. This contrasts 
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with the ITS1-PCR results, which identified a comparable prevalence in both seasons. The 
apparent discrepancy between farmer observation and laboratory testing may reflect the fact 
that pastoralists identify cases on the basis of clinical signs. Cattle may be more likely to 
display clinical signs of AAT during the dry season, due to starvation and stress. In contrast, 
we sampled cattle without consideration of clinical status. Thereby our sample potentially 
included clinical, subclinical and/or carrier cattle. Further, cattle sampled in the dry season in 
this survey were in the home village. It is possible that a higher prevalence would have been 
found if we sampled cattle when they were grazing away from home grounds closer to 
wildlife interface areas, where higher tsetse infestation is normally encountered. It is also 
conceivable that the relatively lower prevalence in the dry season (4.2% vs 5.8% in the wet 
season) reflects enhanced management of trypanosome infections during this season. 
Pastoralists likely assume more relaxed disease monitoring in the wet season, as cattle tend to 
have good condition due to an abundance of pastures and water during this season.  In any 
case, the regular use of trypanosome chemoprophylaxis as reported by almost all cattle 
owners may mask the true epidemiological situation of the disease (Goossens et al., 2006).  
 
We found some variation in trypanosome prevalence across villages. Villages with relatively 
higher infection prevalence, such as Mbaash, Donyonaado, Engaruka Chini, and Meserani 
Bwawani (Table 5.4) reported frequent movement and grazing of their cattle in wildlife 
interface areas in proximity to Lake Manyara National Park (Esilalei and Oltukai villages), 
Simanjiro plains (Emboreet, Loibo-Siret and Sukuro villages) and Ngorongoro Conservation 
Area. In contrast, the relatively low prevalence of trypanosome prevalence in Esilalei and 
Oltukai villages (which border wildlife parks) may reflect enhanced year round management 
in this area due to the high risk of AAT.  
 
We found that most cattle owners manage clinical AAT cases using commercially available 
trypanocides instead of traditional medicines. This is in contrast to a study by Grace et al. 
(2009), which reported predominant use of herbal medicines to manage AAT in West Africa. 
Although our study did not investigate dosage and frequency of trypanocide use by Maasai 
herders, there are concerns about potential for drug resistance if frequent but inadequate 
dosage is administered (Dagnachew et al., 2017). Likewise, there is high reported use of hand 
spraying for fly control with little evidence from other studies of its contribution to effective 
control (Swai et al., 2005; Swai et al., 2007). The little-reported use by cattle owners of 
195 
 
dipping and of the deployment of insecticide-impregnated targets is consistent with the 
declines in government-led tsetse control operations on the ground (Malele, 2011). Although 
the trypanosomosis infection in this study seems to be under control, given that the Maasai 
Steppe ecosystem is still classified as one of the high-risk tsetse-infested areas of Tanzania 
there is still concern for improving AAT control in the region (Daffa et al., 2013). 
Insecticide-treated targets remain a proven strategy for tsetse fly population control (Kuzoe 
and Schofield, 2005). 
 
Cattle owners reported increased abundance of tsetse flies in the dry season, a finding which 
is in agreement with previous studies (Leak et al., 1993; Mamoudou et al., 2008). The fact 
that tsetse flies were trapped only in the village nearest to the wildlife national park (Esilalei) 
is also consistent with previous studies that report tsetse fly abundance in proximity to 
wildlife national parks (Muturi et al., 2011; Salekwa et al., 2014; Auty et al., 2016). 
However, identification of only one species of tsetse fly (G. pallidipes) contrasts with 
previous entomological surveys in the Maasai Steppe ecosystems which identified other 
species such as G. m morsitans and G. swynertonni (Salekwa et al., 2014; Nnko et al., 2017). 
Regardless, the central role of G. pallidipes in the epidemiology of AAT in infested areas and 
the highly pathogenic species of trypanosomes detected in collected tsetse flies (particularly 
the three species of T. congolense and T. simiae) clearly demonstrates that AAT remains a 
potential risk to livestock health and production in the study area. The identification of T. 
congolense-Kilifi type previously known to be confined to coastal Kenya (Knowles et al., 
1988; Mugittu et al., 2001) could indicate increasing geographical spread of this species. 
However, further analysis (such as sequencing) is warranted before these findings can be 
confirmed. 
 
Maasai pastoralists’ description of the relationship between relatively high temperature and 
an increase in tsetse populations is an important observation. Nnko et al. (2017), who 
conducted an investigation in the study area reported a temperature range of 26 ºC to 31 ºC as 
being suitable for tsetse fly development and increased trypanosome prevalence. Further, 
cattle owners reported that the presence of wildlife and thicket vegetation also influence 
tsetse fly population and distribution, pointing to the role of wildlife in maintaining a sylvatic 
trypanosomosis transmission cycle (Ngonyoka et al., 2017).  
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The cross-sectional approach used in this study has some limitations. It was somewhat 
restricted in terms of ability to investigate the seasonal variation, particularly in this context 
when cattle are moved away from their home village to source adequate pasture and water. 
The information gained on management practices is likely to be impacted somewhat by recall 
bias, and this meant we did not attempt to investigate details on the frequency and dosage of 
trypanocides administration. For logistical reasons, collection of tsetse flies was carried out in 
only one season and thus did not permit a full comparison with cattle owners’ observations 
on tsetse seasonal distribution. 
 
5.5 Conclusion 
Despite the reported continuous use of chemotherapy against cattle trypanosomosis and the 
use of synthetic pyrethroids against tsetse flies, respectively, AAT remains a threat for cattle 
health and production in Monduli District, given T. congolense, a severely pathogenic 
trypanosome was detected in collected tsetse flies. Further the district is located within the 
wildlife ecosystem that also increases the chance of trypanosome transmission. Transmission 
of trypanosomes could be reduced by improved integration of vector control methods such as 
the use of insecticide-treated targets at the cattle-tsetse interface, and proper use of 
trypanocides (with prophylactic and/or therapeutic efficacy) before cattle come into contact 
with tsetse flies. The majority of cattle owners seem to have substantial knowledge of AAT 
and its management, however, the reported regular use of trypanocide application suggests 
that the use of these drugs should be carefully monitored and trypanosome populations 
screened regularly for the development of drug-resistant parasites. Further investigation is 
needed to evaluate the potential role of mechanical vectors in transmission of virulent 
trypanosomes in the study area, particulalry since this would warrant additional control 
measures, if confirmed. Further, understanding of the seasonal variation particularly in the 
dry season when cattle move away from their home villages is critical. Thus, a longitudinal 
study is suggested for a better determination of cattle trypanosomosis hot spots in the Maasai 
Steppe ecosystem.  
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CHAPTER SIX: GENERAL DISCUSSION, FUTURE DIRECTIONS AND 
CONCLUSIONS 
6.1 Context  
Vector-borne diseases, particularly ECF and AAT, continue to adversely impact cattle 
production and pastoralist livelihood in Tanzania (Chengula et al., 2013; Kazungu et al., 
2015; Ngumbi and Silayo, 2017). Updated epidemiological information for these two 
diseases is lacking and thus disease management is not well targeted to effectively prevent 
current losses. Further, global concern about the potential effect of climate change on 
occurrence and distribution of vector-borne disease is growing (Sutherst, 1998; Kovats et al., 
2001; Olwoch et al., 2008; Bett et al., 2017). This thesis aims to produce updated baseline 
epidemiological information for ECF and AAT, and climate change experiences in pastoral 
communities. This will assist improvement of current control practices and underpin the 
further research needed to evaluate the potential impacts of climate change on cattle VBDs in 
Northern Tanzania. 
 
To our knowledge, this is the first study to provide exhaustive insights into the epidemiology 
of ECF and AAT in a large sample of traditionally grazed cattle in pastoral areas of Monduli 
District, Northern Tanzania. Previous studies in the study area employed relatively small 
sample sizes and investigated fewer variables (Swai and Kaaya, 2012; Haji et al., 2014). This 
research applied a mixed-method approach to examine the epidemiological dynamics for 
ECF and AAT in cattle in relation to climate parameters (temperature and rainfall), as well as 
pastoralist management practices for the diseases. This approach enables cross-checking of 
information using different methods to study the same research questions, which increases 
validity and reliability (Zohrabi, 2013). In Chapter 3, this thesis establishes indigenous 
pastoralists’ knowledge, experiences and observations regarding the occurrence of ECF and 
AAT, and climate parameters, using participatory epidemiology techniques. In addition, the 
infection prevalence of the two diseases was quantified in wet and dry seasons using 
contemporary, highly sensitive and specific molecular assays as documented in Chapters 4 
and 5, respectively. Further, estimation of the infestation status of the competent vectors (R. 
appendiculatus and Glossina spp.) was detailed in Chapters 4 and 5. Cattle owners’ 
knowledge and management practices for the two diseases including potential risk factors, 
cattle seasonal movements and wildlife interactions in the Maasai Steppe ecosystem were 
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also assessed. Importantly, this research improved upon out-dated epidemiological 
information for ECF and AAT in Monduli District, thereby paving the way to more informed 
interventions for cattle vector-borne diseases in the study area.  
 
6.2 Climate change experience, pastoralism and cattle vector-borne diseases  
The work presented in Chapter 3 is, to our knowledge, the first study to investigate potential 
associations between cattle vector-borne diseases (VBDs) and climate change experience in 
vulnerable pastoralist societies using the participatory epidemiology approach (PE) approach. 
In this chapter, pastoralists indicated that ECF and AAT remain important VBDs in Maasai 
cattle. This suggests that efforts directed at ECF and AAT control and surveillance, if 
targeted and effective, will have a substantial beneficial impact on pastoralist communities.  
 
The PE methods applied in this thesis indicated that pastoralists have good ethnoveterinary 
knowledge of the diseases under study. We applied the triangulation approach to cross-check 
pastoralists’ recognition of cattle diseases in terms of clinical signs and causes, using a 
‘disease-sign and cause’ scoring matrix. We found that pastoralists’ knowledge and 
understanding of clinical signs and transmission was aligned with veterinary textbooks. The 
approach confirmed that the use of indigenous knowledge is valuable in providing insights 
into cattle diseases. This study also indicated that women in pastoralist communities can be 
good sources of information regarding cattle diseases and management. To date, the majority 
of PE studies have excluded women, as cultural norms make it difficult to interview women 
in pastoralist areas (Mugisha et al., 2008; Byaruhanga et al., 2015). In our study, the Maasai 
women were able to associate specific clinical signs with cattle diseases and identify seasonal 
variation in disease occurrence in a similar manner to the men. These findings suggest that 
women do understand and contribute to cattle health management and production in these 
pastoral communities. Therefore, it is important that future livestock development programs 
in pastoral communities consider inclusion of both genders, to ensure equity and empower 
women, thus contribute to improving their livelihoods.  
 
A broad objective of this thesis was to produce baseline information that will be helpful in the 
design of future studies on climate change-animal disease relationships. This research 
confirms the usefulness of seasonal calendars in PE for understanding pastoralists’ 
perceptions on seasonal patterns of cattle diseases, vectors, and climate parameters (Catley et 
205 
 
al., 2002; Wachida et al., 2017). Chapters 3, 4 and 5 report that pastoralists know that climate 
parameters such as rainfall and temperature influence the occurrence of both ECF and AAT 
and the ecology of the competent vectors. In addition, a modified timeline approach was 
applied to investigate climate change experiences for the last 30 years (1984-2014). 
Pastoralists indicated an unclear relationship between climate change and the trend of ECF 
and AAT over this 30-year period. This may reflect multifactorial influences on disease 
dynamics. For example, changes in trends of ECF occurrence over the last 30 years were also 
linked to increased access and availability of effective drugs and acaricides for tick control, 
improved understanding of the disease among pastoralists, and adoption of ECF 
immunisation in recent times (Homewood et al., 2006). Further research is required to better 
understand the role of climatic conditions on disease dynamics and the extent and impact of 
disease intervention measures in the study area. This requires consistent short-term studies 
every three to five years, as well as long-term data that can be incorporated into climate 
change prediction models. PE methodologies alone are unlikely to be sensitive enough to 
tease out these complex relationships. For this reason, complementary data collection 
methods (including a cattle owners’ questionnaire and advanced laboratory testing of cattle in 
contrasting seasons) were incorporated in this study to gather more information on the effect 
of season on ECF and AAT occurrence in Maasai cattle. 
 
6.3 T. parva infection in Maasai Steppe ecosystem 
Findings presented in Chapter 4 of this thesis demonstrate widespread T. parva infection with 
considerable variation in prevalence across Monduli District, and between the wet and dry 
seasons. Although clinical ECF has been reported to be higher in the wet season elsewhere 
(Mulumba et al., 2001; Simuunza et al., 2011; Laisser et al., 2016), this study found that cattle 
were nearly three times more likely to be PCR T. parva positive in the dry season compared 
to the wet season. The findings from this study may have been influenced by a delay in 
rainfall (for about three weeks) during the sampling time, which may have led to some 
animals acquiring infections late in the wet season when the ticks would have been more 
active. This could also occur during the subsequent cool dry season, and thus would have 
been detected during the sampling period in the early part of the dry season. Other possible 
reasons for this finding may relate to the management practices, which are strengthened in the 
wet season when the infections are deemed to be higher (Minjauw et al., 1998). There may 
also be additional challenges of inadequate feed and starvation stress faced by the animals 
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during long-distance trekking in the dry season, which causes a weakened immune system 
leading to higher susceptibility to infections. This finding indicates the need for effective 
management of the disease during the dry season too, especially when cattle are more 
deprived of adequate nutrition. 
 
Younger cattle were almost three times more likely to be PCR T. parva positive than adult 
animals. This finding highlights the need for improved prevention strategies for the disease in 
young cattle, including improved ECF vaccine availability and affordability, as well as 
improved vaccine delivery, especially in remote areas. This study indicates significant 
variation of T. parva infection across Monduli District. This could be associated with 
multiple factors including geographic variation in tick density and/or tick infectivity, and 
hence T. parva prevalence. Additional factors may also include differences in herd 
management practices, the sampling season and seasonal cattle movement patterns that 
expose cattle to variable intensities of tick challenge. These factors are likely to contribute to 
the patterns observed in this study due to differing village ecology, including proximity to 
wildlife interface areas such as wildlife national parks. Previous observational studies have 
also reported similar factors for the variation of T. parva infection across study areas 
(Rubaire-Akiiki et al., 2006; Simuunza et al., 2011; Gachohi et al., 2012). Indeed, in this 
study, we noted high levels of T. parva infection in some villages in close proximity to the 
wildlife interface areas. These findings recommend strengthening of ECF management 
practices, especially when grazing animals close to the wildlife interface areas. This should 
include effective diagnosis of the disease, use of appropriate prophylaxis and treatment, as 
well as effective tick management practices.  
 
The detection of positive serum antibodies for T. parva in all sampled cattle in this study 
confirmed the existence of T. parva exposure, and this finding may suggest that cattle in the 
study area are under endemic stability due to constant exposure to T. parva in the extensive 
grazing system most common in pastoral settings (Norval et al., 1991; Kivaria et al., 2004). 
However, the seroprevalence investigation in this research serves as an indicator of endemic 
stability development but is not a confirmation of endemic status. Further research would be 
required using a longitudinal study design to capture all potential information over time 
including low occurrence of clinical ECF cases in the cattle population, to confirm endemic 
stability in the study area. 
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6.4 Trypanosome infection in Maasai Steppe ecosystem 
Trypanosomosis in cattle has long been a widespread constraint to cattle production in 
Tanzania and is a continuing threat to cattle health in Maasai communities. Chapter 5 
documents the seasonal prevalence of cattle trypanosomosis. It was found that the overall 
apparent prevalence of trypanosomes was relatively low and comparable to previous studies. 
The regular use of trypanocides for treatment as indicated by all cattle owners in this study 
may mask the true epidemiological situation of the disease in Maasai ecosystems (Goossens 
et al., 2006). Similar observations of low prevalence due to regular treatment of trypanocides 
is reported elsewhere (Nonga and Kambarage, 2009; Magwisha et al., 2013b). It is not clear 
what infection rates would be in the absence of regular treatment. Studies involving untreated 
sentinel animals are required to better understand the problem and monitor risk levels. 
 
This study found that T. vivax was the most predominant trypanosome species identified in 
cattle. T. congolese with subgroups T. congolense kilifi, T. congolense savannah and T. 
congolense forest were also predominantly detected in tsetse flies sampled close to Lake 
Manyara National Park. Importantly, the trypanosome species identified in this research are 
known to cause severe trypanosomosis infection in cattle. Therefore, this indicates a 
continuing risk and threat of AAT in Maasai cattle. Typically, T. vivax is reported to have 
dual modes of transmission, i.e. biologically by tsetse fly and mechanically by blood-sucking 
insects such as Tabanus spp. (Desquesnes et al., 2009). The high proportion of T. vivax 
infection in cattle in this study and as reported by previous studies may reflect the importance 
of other biting flies such as Tabanus spp. and Stomoxys spp. in this ecosystem. These biting 
flies were also collected in this study as documented in Chapter 5. Further systematic and 
detailed longitudinal research is required to better understand the current distribution and 
abundance of tsetse flies and other biting flies, and their infestation status. The recommended 
longitudinal studies should gather information in sentinel animals in contrasting seasons and 
in different locations in order to gain a better understanding of the role of the different types 
of flies.  
 
Findings from this research highlight the ongoing risk of AAT in Maasai cattle. It was found 
that in the dry season a majority of pastoralists frequently moved cattle to wildlife interface 
areas in search of sufficient pasture and water. Such areas include Lake Manyara National 
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Park and Tarangire National Park. These wildlife interface areas are reported to harbour 
abundant tsetse flies as confirmed in this study and others (Salekwa et al., 2014; Auty et al., 
2016). Tsetse flies in these areas find a favourable environment since the parks are 
environmentally undisturbed, and this indicates that these areas will remain stable hotspots 
for tsetse infestation (Daffa et al., 2013). Thus, ongoing interventions to control the disease 
and tsetse flies by the various stakeholders in the Maasai Steppe ecosystem must continue, 
and the local government control programs should be restored. 
 
6.5 Pastoralists’ knowledge and management practice for ECF and AAT  
In recent decades, veterinary services in Tanzania have been mostly privately operated and 
thus the responsibility and management of cattle diseases now lies almost completely with 
livestock keepers (Rutabanzibwa, 2001; MLD, 2011). Only for transboundary animal 
diseases, such as FMD, CBBP and lumpy skin disease, which are cattle diseases of regional 
and global concern, is the government responsible for disease control and management 
(Matthew et al., 2016). Chapters 4 and 5 reported that the administration of commercial drugs 
to sick animals on the basis of clinical signs was common for both ECF and AAT; herbal 
medicines were also used for ECF. The use of drugs for both diseases without access to 
laboratory services can foster the development of drug resistance. In addition, the high cost 
for ECF immunisation was one of the main reasons for its lower adoption rate in this 
pastoralist community. This indicates there is a need to review the price for ECF 
immunisation in Tanzania by involving all parties including government. Importantly, a 
subsidy by the public sector should be considered and this should include provision of 
support to the private sector for delivery. 
 
This research found that hand spraying was the most commonly practised method for vector 
control. However, the method did not seem to provide good protection against the two 
parasitic infections. Further research is required to better understand the use of acaricides, 
including the dilution of acaricides in water. Additionally, investigations into the 
development of acaricide resistance are crucial. The improper use of acaricides is a critical 
issue, particularly in pastoral areas where there are limited veterinary extension services. It is 
reported that only 20% of livestock keepers are able to access extension services, yet studies 
have shown that even a slight increase in extension services has a profound effect in 
improving livestock productivity in Tanzania (MLDF, 2015a). These findings indicate the 
209 
 
need for improvements of extension services in the Maasai communities to provide technical 
support for proper use of acaricides, including rationing and application through hand 
spraying or dip concentrations. 
 
6.6 Strengths and limitations of this research 
The strengths and limitations of this thesis have been reported in each paper and across the 
general discussion. However, the overarching strengths and limitations will be outlined here.  
 
A major strength and novelty of this thesis was the use of the PE approach. This method was 
particularly suitable for investigating the relationship between climate parameters 
(temperature and rainfall), climate change experiences and diseases in the absence of 
quantitative data. It was also appropriate for investigating highly mobile herds in pastoral 
remote settings, which are characterised by poor infrastructure and high levels of illiteracy. 
Under such conditions, the application of conventional veterinary investigations and 
epidemiological methods is severely constrained by logistic considerations and limited 
resources. Additionally, this research has applied a mixture of quantitative and qualitative 
methods that improve the reliability and validity of the results for this research work, as it 
provides the ability to triangulate information. Further, the PE approach applied in this study 
achieved good representation of men and women livestock keepers in pastoralist 
communities of Monduli District. The inclusion of women in livestock PE studies in pastoral 
communities is not common (Flintan, 2008; Alders et al., 2014). By including women in the 
PE activities, the findings reported here represent the entire community involved with 
livestock management. Findings from this study can be applied to other pastoralist 
communities in arid/semi-arid lands of East Africa with similar extensive grazing systems for 
cattle. 
 
The cattle surveys undertaken in this study used contemporary, sensitive and specific 
molecular techniques appropriate to investgate endemic diseases. The molecular assays used 
for this study exhibit an enhanced sensitivity for the detection of low levels of T. parva and 
trypanosome infections, i.e asymptomatic cattle (carriers), which is a common state in 
endemic areas (Odongo et al., 2010; Laohasinnarong et al., 2015). In addition, by conducting 
this study in wet and dry seasons, the effect of seasonality on T. parva and trypanosome 
infections could be assessed. This research provides up-to-date epidemiological information 
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for ECF and AAT for the Maasai Steppe of Monduli district, required for better interventions 
and disease impact analysis in pastoralist communities.  
 
The repeat cross-sectional approach used in this research provided a snapshot of cattle 
infection status at two time-points. However, the repeat, cross-sectional approach has 
limitations. This study design is somewhat restricted in terms of its ability to investigate the 
seasonal variation for the diseases, particularly when cattle are moved far away from their 
home village during part/s of the dry season. However, in this study the majority of the cattle 
sampled in the dry season were followed to specific grazing areas (Ronjos) within the home 
village area for blood sample collection. This appears to have been possible because blood 
sample collection was carried out reasonably early in the dry season (mid-August to mid-
September). It is believed that during the dry season sampling time, large proportions of the 
enrolled cattle herds were still grazing within their home villages (personal communication). 
When considering cross-sectional design limitations, the data on management practices for 
ECF and AAT in this study is likely to be impacted somewhat by recall bias (for example the 
exact type of drugs used for treatment), and perhaps by cattle owner perception of the 
answers preferred by the researcher. For the AAT cattle owner survey, details on the 
frequency and dosage of trypanocide administration were not investigated, and this is an 
important area recommended for further investigation. The questionnaire was also limited in 
its ability to investigate details of cattle movement and its relationship to clinical ECF 
occurrence, tick presence on cattle, and administration and dosage for ECF treatment. 
Further, the cross-sectional study method was unable to provide definitive evidence of 
endemic stability for T. parva infection in the study area, and this was further constrained by 
insufficient information collected on clinical cases for ECF. For the entomological surveys, 
for logistical reasons, collection of ticks and tsetse flies was carried out in one season (wet 
and cool dry seasons, respectively), thus the information gained from cattle owners’ 
observations on vector seasonal distribution may lack a balanced comparison. 
 
6.7 Recommendations and future research  
6.7.1 Pastoralism and climate change experiences 
This study recommends the need for consistent and systematic monitoring of climate, vectors, 
pathogens and disease burdens over the short and long term, to streamline data collection 
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efforts and increase data quantity and quality. The collection of such rich, high-quality data 
will improve understanding for climate change impacts on VBDs in the study area and in 
other pastoralist communities of East Africa. Updated models of climate and vector dynamics 
will also assist in evaluating potential interventions. In order to achieve this, a multi-
disciplinary approach involving epidemiologists, veterinarians, climatologists, vector 
biologists and ecologists is vital. 
 
New approaches need to be developed to better capture the changes over time and to be able 
to understand the role of various variables involved in disease dynamics. Study design with 
careful consideration for current and future spatiotemporal vector dynamics should be given 
priority. To help achieve this, long-term surveillance programs are needed. These programs 
should specifically monitor sensitive aspects of climate change effect on vector-borne 
diseases (and possible confounders) over the coming decades. This also requires further 
studies to establish prediction models on current and future distribution, and relative 
abundance of R. appendiculatus and Glossina spp. using climate change scenarios.  
 
6.7.2 Livestock development strategy    
The vision of the Tanzania livestock industry based on the Tanzania Development Vision 
2025 is that: ‘By the year 2025, there should be a livestock sector, which to a large extent 
shall be commercially run, modern and sustainable, using improved and highly productive 
livestock to ensure food security, improved income for the household and the nation while 
conserving the environment’ (MLDF, 2011, 2015a). In order to achieve this, the Tanzania 
government will need to strengthen its technical support services in prevention and control of 
livestock diseases of economic importance, such as ECF and AAT. There should be 
improvement of the efficiency and efficacy of the existing control measures and their 
combinations, such as vector control, diagnosis, treatment, vaccination and surveillance. 
These efforts can be supplemented with up-to-date and advanced research on VBDs 
especially in the highly infested areas of Tanzania such as the northern part of the country. 
Findings from this thesis provide much needed epidemiological information on these two 
diseases and make an important contribution to the much larger database on prevalence of T. 
parva and trypanosome infection in Tanzania.  
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Furthermore, the Tanzanian government has recently released a statement on the need to 
modernise the livestock sector through improving delivery of livestock inputs and services 
(MLDF, 2015a). Based on our research we suggest that this should include rehabilitation and 
maintenance of dip tanks in order to achieve sustainable control and prevention of disease 
vectors. To achieve the Tanzania Development Vision 2025, the government should facilitate 
engagement with the private sector to invest in and promote the delivery of national animal 
health services. This would include reviving inadequate infrastructure for disease control: 
veterinary laboratories, clinics and other relevant facilities for animal health management 
such as dip tanks and cattle crushes.  
 
In order to achieve better management of ECF and AAT in Tanzania the following needs to 
be observed:  
 
 Surveillance   
ECF is known to achieve endemic stability in some parts of Tanzania. However, changes in 
environmental parameters including climate change can influence tick population and 
distribution, which may result in outbreaks of clinical disease (Rubaire-Akiiki et al., 2004; 
Estrada-Pena, 2009; Kivaria, 2010). Future activities should include a focus on producing up-
to-date data generated in different geographical and climatological ranges. Information 
should be collected by ongoing surveillance activities for parasitic prevalence, 
seroprevalence, clinical incidence, and the infection rates of disease vectors. National surveys 
of ticks, tsetse flies, and TBDs should be undertaken regularly and for the long term so that 
changes are captured accordingly. Further, understanding of spatial and temporal disease 
dynamics through disease mapping is recommended to facilitate sustainable disease reduction 
efforts. This approach, since it targets specific areas based on risk mapping, can be an 
efficient contribution to disease control programs (Kivaria, 2010).   
 
This thesis highlights the need for additional longitudinal research to be conducted on 
seasonal variation of T. parva and tick infectivity. The findings will provide a better 
understanding of the dynamics of T. parva infection in both cattle and in R. appendiculatus, 
and its relationship to clinical ECF. This would also enable determination of the extent to 
which endemic stability is attained in Northern Tanzania under current climatic conditions. 
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This thesis identifies a risk of pathogenic trypanosome infections in tsetse flies circulating in 
wildlife interface areas, thus posing a risk of infection especially during the dry season when 
cattle move closer to these areas. Further longitudinal research is recommended for a more 
complete determination of prevalence of cattle trypanosomosis in the hotspots (wildlife-cattle 
interface areas), since the study area borders the wildlife national parks, which are 
categorised as highly tsetse-infested areas in Tanzania (Daffa et al., 2013). Additionally, 
research is also required to investigate whether there is reduced presence of biological 
transmission through the tsetse fly. Importantly, investigation is recommended on the role of 
other biting flies in the mechanical transmission for T. vivax and T. congolense in the study 
area including molecular identification of trypanosomes species in these biting insects. To 
accomplish the above goals, adequate funds and other resources as well as greater 
collaboration with international agencies, between national, regional and local government 
agencies is needed to ensure the proposed ideas are implemented.  
 
  Treatment  
In Tanzania, there are very limited studies investigating drug and/or acaricide resistance. Due 
to the wide use of prophylactic and treatment practices, we recommend further research on 
drugs and/or acaricides to determine the extent of resistance present among Maasai cattle 
management systems. Similar investigation is recommended to include regular screening of 
trypanosome populations for the development of trypanocidal drug-resistance.  
 
The regular treatment of sick animals based on clinical signs and not laboratory tests is 
common in pastoral communities. This thesis recommend that efforts are directed at careful 
monitoring for appropriate treatment, dosage, and frequency of drug use preceded by proper 
diagnosis for Maasai cattle. Furthermore, there is a need for some negotiation between the 
government and private sector to improve the affordability of ECF vaccines and the most 
appropriate drugs such as parvaquone and buparvaquone. 
 
  Prevention 
Wildlife interface areas are vital for the survival and development of tsetse fly populations 
and infestations (Munangandu et al., 2012; Daffa et al., 2013). This thesis therefore highlights 
the importance of effective tsetse fly control approaches in livestock-wildlife interface areas. 
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Strategic tsetse control regimes must also involve deployment of insecticide impregnated 
targets and traps, as this control method has been shown to be beneficial for reducing tsetse 
population in infested areas (Muse et al., 2015). The revival of this practice, however, needs 
to be managed through partnership between the government, private sector and the local 
community. 
 
More research projects on ECF and AAT with careful study design must be prioritised to 
increase the efficiency of existing control methods. For example, adoption of ECF 
immunisation has been limited due to a number of factors including the cost (ranging from 
USD 3.5 to 7 per animal), which is high compared to other cattle disease vaccines such as 
foot and mouth disease (ranges USD 0.45 to 1.5 per animal). There are also complications 
with vaccine storage and handling in remote areas. The ECF vaccine requires cold chain and 
careful handling to deliver and administer so that it has the maximum efficacy. Additionally, 
ECF immunisation is ‘strain-specific’, hence the immunological protection is narrow. All 
these challenges associated with ECF immunisation must be overcome to enable adoption by 
a majority of pastoralists, in order to realise its potential to contribute to reducing ECF. 
Achieving this will require good coordination between the Tanzanian government, the 
manufacturer, veterinary private agencies and/or suppliers, and pastoralists. 
 
Up-to-date data is crucial for efficient control of trypanosomosis across the country. There 
has been significant work undertaken in updated reports on human trypanosomosis cases in 
the affected countries of sub-Saharan Africa. However, this has not been the case for AAT in 
many affected countries including Tanzania. Research into improved diagnostic and control 
techniques is also needed, such as methods to maximise the lifespan and durability of tsetse 
fly insecticide impregnated targets and traps, and the use of ‘tiny targets’ that have shown to 
yield promising results (Tirados et al., 2015).   
 
The two cattle vector-borne diseases explored in this thesis reflect cattle health problems in 
pastoralists’ cattle, and this study confirms their presence and importance in the cattle herd in 
Tanzania. The fact that these diseases cause production losses makes them relevant cattle 
diseases for Maasai pastoralists. However, the true current economic cost of these two 
diseases is not known. There is an urgent need for updated economic analysis for ECF and 
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AAT, with one aim being to provide justification for investment in more effective 
interventions. This study provides baseline information to inform such analyses.  
 
This work recommends sharing knowledge with the study communities about the impact of 
cattle movements and management regimes on the transmission, magnitude and distribution 
of T. parva and trypanosome infections. This could provide an additional positive influence 
on disease prevention and help to reduce parasite transmission in the study area.  
 
6.8 Conclusion 
In conclusion, this thesis substantially adds to the body of research knowledge on the 
epidemiology of ECF and AAT in Northern Tanzania. The PE approach applied in this 
research adds significant information to the limited studies on the relationship between 
climate change experiences and livestock diseases. The use of indigenous knowledge from 
local perspectives helps to provide the groundwork that can be a starting point for further 
detailed research. Information gained will help formulate strategies that can be used to 
manage the impacts of climate-sensitive diseases. Further, this thesis helps to streamline data 
collection efforts and increase the data available to underpin research on climate change–
disease interactions in Tanzania, an area where such work has been limited. Given that ECF 
and AAT were collectively agreed by the pastoralists to be among the most important 
diseases of cattle, this thesis informs the need for effective and sustainable animal health 
services in pastoralist communities, especially in the surveillance of vectors and cattle vector-
borne disease, and in sustainable strategic control and prevention programs.  
 
The baseline information on seasonal occurrence of T. parva provided by this study informs 
the necessity of improving the existing control strategies as a way to achieve successful and 
sustainable management currently and in the future. In particular, improvements are needed 
to the efficacy, accessibility and affordability of vaccination, and to current tick control 
practices. Despite continuous use of chemotherapy against cattle trypanosomosis and the use 
of synthetic pyrethroids against tsetse flies in the study area, highly pathogenic trypanosome 
parasites still circulate in cattle and tsetse flies in Monduli District. Though the overall 
prevalence of trypanosome infection was not high, this work reveals that seasonal movements 
of cattle in close proximity to the wildlife interface areas could lead to increased numbers of 
cases of AAT in the presence of infected tsetse flies. In this thesis I also strongly recommend 
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further research to evaluate the potential role of mechanical vectors in the transmission of 
trypanosome parasites in the study area.  
 
Interventions by the various stakeholders to control these two parasitic infections of cattle are 
highly recommended and need to be strengthened for sustainable tangible impacts. This 
thesis emphasises the implementation of multidisciplinary actions and encourages 
collaborations with several organisations: the Ministry of Livestock Development and 
Fisheries, Tanzania, Tanzania National Parks (TANAPA), Local governments and interested 
animal health development partners including NGOs. Furthermore, the surrounding 
communities living in tsetse fly hot spot areas must be involved in tsetse control activities to 
ensure sustainability of the control efforts. The information gathered from this thesis will 
inform the design and implementation of better control and preventive strategies to manage 
cattle vector-borne diseases in a changing climate. This information will be provided to all 
livestock stakeholders including livestock policy makers and planners, government agencies, 
donors and development partners, NGOs and pastoralists. It will have a role in the 
development of appropriate policy measures and institutional support to manage the potential 
negative impacts of climate change and variability that pastoralist communities will face into 
the future. 
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APPENDICES 
Preamble 
 
At the commencement of this PhD program, an application for ethics approval for this 
research was requested from the University of Sydney Animal and Human Research Ethics 
Committees. In addition, a research clearance for this project was attained from the 
Commission for Science and Technology-Tanzania (COSTECH). The approval letters from 
both institutions are provided as Appendix 1, 2 and 3. The checklist for PE and questionnaire 
administered to cattle owners are provided as Appendix 4, 5 and 6 respectively. 
Supplementary tables and figure are also provided as Appendix 7, 8 and 9 respectively. The 
published papers are also attached in Appendix 10, 11 and 12.  
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Appendix 2: Human Ethics Committee project approval 
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Appendix 3: Research Permit COSTECH 
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Appendix 4: Checklist for participatory epidemiology 
 
Specific objective one 
Is there an association between cattle Vector-Borne Diseases and climate-sensitive 
parameters? 
 
Pre-work 
 Identify local names for cattle diseases, including ECF and nagana 
 Identify local names for seasons 
 Identify local names of vector 
 Identify local clinical signs for cattle diseases for MS preserved by community 
 
Introductions 
The first step will be to introduce the research team and then participants will be asked to 
introduce themselves.  Also the project overview will be briefly explained to the group 
participants (the research team leader will not explain precisely what is the research interest 
study on) 
Step 1: 
Introduction to activity one 
 
As a preamble in the Participatory Epidemiology of animal health, it is often best to 
commence the discussion with the question of enquiring to better understand the type of 
species kept in the study community.- 
1. The facilitator explains to participants that we are interested to know what species of 
livestock are kept in the area?  
2. The facilitator will allow the group participants to exhaust in this question and at the 
end will ask if they all agree with the mentioned livestock species kept. 
3. Facilitator will ask what are the common diseases affecting cattle in this area?  They 
are allowed to have a long list of diseases in their local language (the list of the 
diseases will be written in cards, 20 cards must be already prepared). 
 
Step 2: identifying the items to be ranked/scored 
1. Facilitator will tell group participants that we would like to know what are the 
animal health problems you are experiencing in keeping cattle in your village?  
2. At the end the facilitator will ask participants if the answers mentioned are true 
reflections and if they all agree with it.  
 
Simple Ranking of cattle diseases and Proportional piling 
Simple ranking  
Simple ranking and Proportional pilling will be run concurrently 
Materials: Flip chart/ground, marker pens, Mask tapes, chalks, counters (fixed 100 stones), 
cards 
Introduction to activity:  
The facilitator will inform group participants that we would like them to rank the identified 
disease of cattle by considering the most serious diseases that cause huge losses for their 
cattle and affect livestock keepers’ livelihood. 
Simple ranking exercise 
1. Facilitator will ask the participants to consider the problems they have mentioned (the 
diseases will be written on cards, put on the ground where everyone can see and need 
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to remind the participants what each represents assuming the participant are literate). 
Otherwise Recorder writes down names of diseases and assigns an object to each 
disease) 
2. Facilitator will ask participants to rank cattle diseases identified according to the most 
five serious diseases  
3. Facilitator will probe the results why did you put this disease first, why this one last, 
why this one above this one? etc 
Note:  
-If the diseases of interest will not be mentioned. The facilitator will inform participants that 
the team is interested in ECF & Nagana and we will ask participants more about these 
diseases? 
-Are the diseases are problems? Where would you rank them?    
Notes:  
 If ECF and/or nagana are included in the top 5 – proceed using top 5 diseases 
 If ECF and/or nagana are NOT included in the top 5, Facilitator explains to the 
informants that we are also interested in ECF/nagana and so will include them in the 
next activity – proceed using top 5 diseases plus ECF and nagana 
 List of the clinical/disease signs can be generated (indicators) during probing of the 
ranked cattle diseases  
 What is the different between diseases X in cattle behaved differently than disease Y/ 
Here we are recording signs of the disease. If cattle from disease X have been opened 
by the owner (postmortem) how is the carcass and the internal organs different than 
the normal killed cattle? 
 Exploring risk factors for disease and stress in cattle: 
- semi-structured interview - when discussing local disease names - what do you think 
causes this disease? If they don't associate particular diseases with rain, ticks, flies, 
then maybe after they have discussed and described the main disease problems, you 
could have a probing question - tell me about ticks (using local term), do they cause 
any problems, do they cause any problems with the cattle, etc. Repeat for biting flies. 
Repeat for dry season, rainy season, times of drought, times of heavy rain, and other 
risk factors. 
 
Step 3: Proportional pilling 
Proportional pilling demonstrate a semi-quantitative information on most serious diseases 
identified compared to simple ranking 
1. Facilitator will ask the participants to distribute the stones proportionally to each of 
the most five diseases, the bigger the pile the most serious disease  
2. Participants will pile the stones according to diseases proportions, more piles means 
more problems 
3. The whole pile of stones will be divided accordingly to the most five diseases  
4. The facilitator will allow enough time to discuss and distribute the stones as per 
consensus. Good to encourage participants to make adjustments if they want to. If it 
seems they have completed the exercise facilitator will ask them if they all agree on 
the results. 
5. Facilitator will probe the results why did you put more piles in this disease and 
smaller pile in the other diseases? 
6. Assistant facilitator will count the counters for each disease 
7. The recorder will be recording all ranking and proportional pilling questions and 
respondents in the discussion. 
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Step 4: -Matrix Scoring  
 
Materials needed 
Flip charts, marker pens, local available materials, such as stones and seeds of indigenous 
fruits (fixed 30), GPS, cards, pictures/objects 
Introduction. 
Introduction to activity 
1. Facilitator will introduce the activity by saying we would like to know what are the 
relationships between the diseases you have mentioned are and indicators/clinical 
signs that you characterise the diseases 
2. A list of most five serious diseases that the participants have mentioned (Local names 
as mentioned by participants will be used) 
3. Facilitator: Ask participants to how do you differentiate diseases X from diseases Y/or 
what are the clinical signs of disease X and Y? / How will you know the cattle is sick 
of diseases X (here the clinical signs will be identified by pastoralists themselves) 
4. For each disease obtain the main clinical signs that distinguish it. Clinical 
signs/indicators can be 10-12  
5. Since the group may involve illiterate and literate participants the use of pictures, 
objects or cards to represent diseases will be observed  
6. Facilitator will write the first indicator on the first row of the matrix or on card, or use 
a picture/object to represent. 
7. Facilitator will take a pile of 30 counters and ask the participants to use the 30 
counters to show how commonly the indicator in the first row relates with each 
disease.  Allow them to discuss before they reach consensus. 
8. After stones have been allocated, Facilitator checks the scoring with the informants 
and allows them to make changes if they want to do so. Otherwise facilitator will ask 
participants if they all agree. 
 
9. Facilitator will repeat the same procedure for each clinical sign one by one, gradually 
developing the matrix 
10. Recorder writes down final score. 
 
Scoring of diseases versus indicators-Matrix scoring 
Table 2. Shows matrix scoring on identified diseases in relationship with clinical signs and 
vector mentioned by Maasai women group in Naitolia village Arusha Tanzania 10/9/2014.   
 
Disease/clinica
l signs 
ECF / 
Oltikana 
AAT/Ndorobo/Tr
yps 
FMD 
/Oloirobi 
 
Orkipei/CBPP Cattle Brain 
Theileriosis 
(Ormilo) 
High and dry 
muzzle   Fever 
     
Diarrhea      
Swollen lymph 
node 
     
Loss of tail 
hair 
     
Coughing      
Lacrimation      
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Salivation      
Circling      
Ticks      
Tsetse Flies       
 
 
 
Interviewing the matrix 
In this row of indicator X where is the big pile? What does it mean? 
In the column of disease X what are the common indicators? 
In this stage we develop more probing questions and focus the discussions on cattle vector-
borne diseases such as additional questions on causal factors and their associations with  
 
ACTIVITY 2 – SEASONAL CALENDAR (SC) 
 
Specific objective two  
 
To describe association between the epidemiology of cattle vector-borne diseases and climate 
variability and changes in pastoral communities  
 
Questions: what are the seasonal variations in cattle vector-borne diseases incidence and 
diseases vectors population and distribution?  
 
 
Preparation 
Materials needed such as flip charts, small cards representing different seasons and ECF, 
Nagana, tick and flies or actual vectors if obtained, marker pens and locally available 
materials such as stones, seeds and sticks. 
 
Introduction to activity 
1. Facilitator explains that we are interested in learning about the seasons and how cattle 
diseases change throughout the year. 
 
Step 1 – construct a one-year time line  
1. Facilitator draws a line on the ground and explains that the line represents one full year.  
By the end of Activity 1 we will have an understanding of pastoralist knowledge and 
perceptions of: 
 Relative importance of various cattle diseases 
 Disease signs consistent with ECF and nagana 
 Causal factors associated with ECF and nagana, including presence of ticks 
and flies 
+ Triangulation against other diseases  
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2. Facilitator writes down the local names of the seasons and asks the informants to divide the 
line to show the various seasons in the year. Facilitator asks questions to check understanding 
and align terminology between local terms and Gregorian calendar 
3. Facilitator will ask participants if they all agree with the mentioned seasons in one calendar 
year 
 
Step 2 – showing the seasonal weather patterns  
1. Facilitator places card with local name for “rainfall” on ground and says to informants “Now 
I would like you to divide these stones/seeds across the seasons to show the pattern of rainfall 
throughout the past year”. 
2. After stones have been allocated, Facilitator checks the scoring with the informants and 
allows them to make changes.  Recorder writes down final score. 
3. Facilitator repeats the scoring procedure for temperature?   
 
 
Step 3 – showing seasonal patterns of diseases and vectors – ALL VILLAGES 
1. Facilitator repeats the scoring procedure with each of the following: 
a. Each of 5 diseases used in Activity 1 
b. Each vector – flies, ticks 
 
Step 4 – interviewing the calendar 
 
1. Once the calendar is accomplished, the results will be discussed with the participants using 
open and probing q questions  
2. Why is this disease more common in this season? (focusing on the diseases of interests ) 
3. For examples: In the seasonal calendar exercise where is the low/high cases of disease X and 
why? 
4. So this disease (pointing the diseases on calendar) seems to occur when there is a lot of rain, 
is this the truth experience?  
5. Where is the higher population of vector (ticks/flies) and why? 
6. Why do farmers see more diseases in rainfall season? 
7. Do you know what causes this?  
8. Why do farmers see seasonal changes of diseases incidences?  
9. Which season shows fewer diseases? 
10. What could be the reason for fewer diseases in that season?  
11. If a disease is more common at a time when ticks or flies are more common, facilitator could 
probe - is there any link between more ticks/flies and this disease? 
More question according to the diagram helps with cross-checking the presented information 
and explore the reasoning knowledge/observations of farmers 
 
 
By the end of Activity 2 we will have an understanding of pastoralist knowledge and 
perceptions of: 
 Seasonal changes in rainfall and temperature 
 Seasonal changes in incidence of ECF and Nagana 
 Seasonal changes in vectors population 
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Appendix 5: Cattle owner questionnaire-ECF and AAT 
 
The below questionnaire was designed to obtain information from cattle owners who 
participated in this study on attitudes, knowledge and management practice for ECF and 
AAT, other information included in the questionnaire was also collected from the same cattle 
owners but not presented in this thesis.  
 
CATTLE OWNER QUESTIONNAIRE 
 
Village ID: __________________________ Farmer ID: __________________________ 
Date of interview: ____________________  Name of interviewer: __________ 
Start Time:_________________________ 
 
 
Read: Thank you for coming today. I would like to start the interview by asking you for a 
few details 
 
1.  Name of respondent: __________________________________________________                                                                               
 
2.  Village: __________________________________________________ 
  
3.  What is your age? __________ (Years) 
 
4.  Sex of Respondent:   Male  Female 
 
5.  How many people are in this household? 
 
a) …adults (>18 ) in your household? __________________________     
 
b) …and children (<18 )? __________________________    
 
6. How many years have you been to school? __________ (Years) 
 
7.  Did you attend any training for cattle husbandry? 
 
 Yes  No (go to question 8) 
 
a) If Yes: What specifically was the training on? 
_____________________________________ 
 
 
 b) What individual/institute offered the training? ________________________  
 
8.  Aside from cattle keeping, what other income generating activities is your household 
involved in? 
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(tick all that apply) 
(for each ticked activity ask the following) 
Explanation 
Is this your 
main 
occupation? 
 Crop business   Yes      
No 
 Livestock sales   Yes      
No 
 Employed   Yes      
No 
 Business   Yes      
No 
Other:   Yes      
No 
Other:   Yes      
No 
 
 
 
Read: Now I would like to ask you more about your cattle. 
9.  How many cattle do you have in your herd?  
 
Young stock __________ Cows __________ Bulls __________                            
 
10.  In the wet season, do you usually bring all your cattle back to the homestead? 
 
 Yes  No 
 
a) If Yes: Why do you bring all your cattle back? -
___________________________________ 
 
b)  If No: Why don’t you bring all your cattle back? -
________________________________ 
 
11.  Where do you usually water your cattle… 
 (tick all that apply) 
 
  a)…in the wet season?  
 Lakes  Wetland  Streams  Pond  Dams  Borehole     Other: 
________________________ 
 
  b)…in the dry season?  
 Lakes  Wetland  Streams  Ponds  
 Dams  Borehole    Other: ________________________ 
 
12.  In the dry season just past, did you move your cattle out of your home village to 
another village in search of water and pasture? 
 
 Yes  No (go to question 13) 
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a) If Yes: What village did you go to? 
______________________________________________________ 
13.  Are there any other villages that you usually take your cattle to during the dry season? 
 
 Yes  No (go to question 14) 
 
b) If Yes: What villages do you go to? 
______________________________________________________ 
14. What months of the year do you usually spend out of your home village searching for 
water and pasture for your cattle? (tick all that apply) 
 
 January  February  March  April  May   June  
 
 July   August   September  October  November  
December                          
 
15.  Do you ever see wildlife in areas where you graze or water your cattle? 
 
 Yes  No (go to question 16) 
 
a) If Yes: What type of wildlife do you see in areas where you graze or water your 
cattle? (tick all that apply) 
 
 Buffaloes  Zebras  Antelopes Wildebeest  Elephants   Giraffes 
 
Other: ____________________________________________ 
 
b) In which seasons do you see these wildlife ? 
          
(read options out loud  
and tick all that apply) 
(for each ticked season ask the following 
question) 
During this season, how frequently do you 
see your cattle interacting with wildlife? 
 January -February (Aladalo)      Every day  Most 
days 
 Some 
days 
 March -May (Alari)             Every day  Most 
days 
 Some 
days 
 June - July (Engijabe)  Every day  Most 
days 
 Some 
days 
 August - October (Alamei)            Every day  Most 
days 
 Some 
days 
 November - December 
(Orkisirata) 
 Every day  Most 
days 
 Some 
days 
 
c) When you see wildlife, how close do they get to your cattle? 
  (only mention options if Respondent does not volunteer information; tick all that 
apply) 
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 Grazing in same areas at the same time  Congregating in water points at the same 
time 
          
 Grazing in same areas at different times  Congregating in water points at different 
times 
 
Other: _____________________________________________________________ 
 
 
Read: Now I would like to ask you some questions about two diseases that might affect 
your cattle –  
East Coast Fever and Nagana (Trypanosomosis). I will start with East Coast Fever. 
 
16.  Is it easy for you to recognise East Coast Fever when your cattle get sick? 
 
 Yes  No    Never heard of disease (go to question 34; skip PE activity) 
 
17.  What are the most common clinical signs for East Coast Fever in calves < 1 year? 
 (DO NOT read out the options; tick clinical signs as they are mentioned by the 
Respondent) 
 
   Enlarged lymph nodes  Difficult breathing   High fever  
  
   
   Salivation    Lacrimation       Other: ___________________ 
         
18. Are the clinical signs the same in adults > 1 year?   
 
   Yes, same clinical signs as calves (tick)  
     
 Or tick all that apply: 
 
   Enlarged lymph nodes  Difficult breathing   High fever  
  
   
   Salivation    Lacrimation      Other: ___________________ 
 
19.  In which seasons do you see more ECF? (tick all that apply) 
 
 January-February (Aladalo)   March-May (Alari)   June- 
July (Engijabe) 
     
   August – October (Alamei)            November-December (Okrisirata) 
 
20. Where are your cattle when they have ECF?  
 (only mention options if Respondent does not volunteer information; tick all that apply) 
 
 Home village  
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 After returning from another village (write down name of village) _______________ 
 
 While grazing in another village (write down name of village) ______________ 
 
Other: ____________________________________________ 
 
21.  Do you give any drugs to your animals when they get sick with ECF?  
 
 Yes  No (go to question 22) 
 
 a)  If Yes: What drugs do you use to treat your animals for ECF? 
 
 Butalex (buparvaquone)  Adamycin (oxtytetracycline)   Tylosin  
 
Other: ____________________________________________ 
 
22.  Do you give your animals any herbs when they are sick with ECF? 
 
 Yes  No (go to question 23) 
 
 a) If Yes: What else do you do? 
__________________________________________________ 
 
23.  Do you do anything else to treat animals that are sick with ECF? 
 
 Yes  No 
 
 a) If Yes: What else do you do? 
__________________________________________________ 
 
 b) If No: What about ebani? 
 
 Yes  No  
 
24.  Do you vaccinate your animals against ECF? 
 
 Yes  No  
     
 a)  If Yes: At which age do you vaccinate your calves? __________ (Months) 
 
 b) If No: Why don’t you vaccinated against ECF? ___________________________ 
 
25.  How do you think cattle get ECF? (tick all that apply) 
 
 Ticks   Flies    Insects, unspecified            
 
Other: ____________________________  Don’t know (go to question 26)   
 
a) If ticks, which type of ticks: (show vials containing ticks) 
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   Blue Ticks    Red Brown Ticks    Other: ____________________  
 
b) If flies, which type of flies: (show vials containing flies)    
    
   Tsetse flies                 Tabanus   Other: ______________ 
 
Read: Now I would like to ask you some questions about Nagana (Trypanosomosis) 
 
26.  Is it easy for you to recognise Nagana when your cattle get sick?  
 
 Yes  No    Never heard of disease (go to question 34, skip PE activity)
  
 
27. What are the most common clinical signs for Nagana?  
 (DO NOT read out the options; tick clinical signs as they are identified by the 
Respondent) 
     
   Lacrimation    Rough hair coat  Loss of tail hair  
Emaciation 
 
  Other: __________________________  
     
28.  In which seasons do you see more Nagana? (tick all that apply) 
 
 January-February (Aladalo)   March-May (Alari)   June- 
July (Engijabe) 
     
   August – October (Alamei)            November-December (Okrisirata) 
 
29. Where are your cattle when they have Nagana?  
 (only mention options if Respondent does not volunteer information; tick all that apply) 
 
 Home village  
 
 After returning from another village (write down name of village) _____________ 
 
 While grazing in another village (write down name of village) ______________ 
 
Other: ____________________________________________ 
 
30.  Do you give any drugs to your animals when they get sick with Nagana? 
 
 Yes  No (go to question 31) 
 
a) If Yes: What drugs do you use to treat your animals for Nagana? ______________ 
 
 
31.  Do you give your animals any herbs when they are sick with Nagana? 
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 Yes  No (go to question 32) 
 
a) If Yes: What else do you do? -
__________________________________________________ 
 
32.  Do you do anything else to treat animals that are sick with Nagana? 
 
 Yes  No (go to question 33) 
 
 a) If Yes: What else do you do? 
_________________________________________________ 
 
33.  How do you think cattle get Nagana? (tick all that apply) 
 
 Ticks   Flies    Insects, unspecified            
 
Other: ____________________________  Don’t know (go to question 26)   
 
a) If ticks, which type of ticks: (show vials containing ticks) 
 
   Blue Ticks    Red Brown Ticks    Other: _____________  
 
b) If flies, which type of flies: (show vials containing flies)    
 
   Tsetse flies                 Tabanus  Other: ____________________ 
 
 
- - - - - - - - - BREAK FOR PARTICIPATORY EPIDEMIOLOGY ACTIVITY - - - - - - - - - 
 
   PE completed   Participant refused PE 
 
 
  Comments: 
_________________________________________________________________________ 
 
Read: Now I would like to ask you a few questions about the insects we talked about 
earlier. 
  
34.  Where can you find these ticks? (show vial containing Red Brown Ticks) 
 (DO NOT read out the options; tick as they are identified by the Respondent) 
 
 In ears  Under the tail  In pasture   
 
Other: _____________________________________        
                                                                                 
35.  In which seasons do you see more of these ticks in your village? (tick all that apply) 
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 January-February (Aladalo)   March-May (Alari)   June- 
July (Engijabe) 
     
   August – October (Alamei)            November-December (Okrisirata) 
 
36.  Do you use any of the following methods to control ticks?  
(read each method out loud and 
select appropriate response) 
(ask the following questions for each method 
used) 
How many 
times per 
month do you 
usually 
perform each 
control 
method?   
Name of 
acaricide 
Is it effective? 
Dipping  Yes      
No 
   Yes      
No 
Pour on  Yes      
No 
   Yes      
No 
Spraying  Yes      
No 
   Yes      
No 
Hand picking  Yes      
No 
   Yes      
No 
Rotational grazing  Yes      
No 
   Yes      
No 
Other: 
______________ 
 Yes      
No 
   Yes      
No 
Other: 
______________ 
 Yes      
No 
   Yes      
No 
 
  Comments: -
_______________________________________________________________ 
 
37.  Do you think there is a relationship between tick numbers and climate conditions in your 
village? 
 
 Yes  No (go to question 38) 
  
a) If Yes: What climate conditions do you think increase tick numbers?  
(only mention options if Respondent does not volunteer information; tick all that apply) 
 
 Temperature – high or low (circle) 
 
 Rainfall – wet or dry (circle)                 
 
 Air humidity – more humid or less humid (circle)    
 
 Moisture in the soil – more moisture or less moisture (circle)             
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 Flooding                        
 
 Drought 
 
 Other: _________________________________________________ 
 
38.  Are there any other things that influence tick numbers in your village? 
 Probe more deeply as needed: e.g. What about wildlife?  
 
  No (tick) 
 
  Or explain:-
_______________________________________________________________ 
 
 
39.  Have you seen tsetse flies in this village? 
 
 Yes  No (skip to question 40) 
 
a) If Yes: Where do you normally see tsetse flies? (tick all that apply) 
        
   Shrubs         Trees        Forests (Vegetation)   River Banks          
 
 Streams and Rivers  Other: ____________________    
         
b) In which seasons do you see more tsetse flies in this village? 
  (only mention options if Respondent does not volunteer information; tick all that 
apply) 
 
 January-February (Aladalo)   March-May (Alari)   June- 
July (Engijabe) 
     
   August – October (Alamei)            November-December (Okrisirata) 
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40.  Do you use any of the following to control tsetse flies in this village? 
(read each method out loud and 
select appropriate response) 
(ask the following questions for each method 
used) 
How many 
times per 
month do you 
usually 
perform each 
control 
method?   
Name of 
acaricide 
Is it effective? 
Dipping   Yes      
No 
   Yes      
No 
Pour on   Yes      
No 
   Yes      
No 
Spraying   Yes      
No 
   Yes      
No 
Fly targets around 
village 
 Yes      
No 
   Yes      
No 
Other:      Yes      
No 
Other:      Yes      
No 
 
  Comments: -
_______________________________________________________________ 
 
 
41.  Do you think there is a relationship between tsetse fly numbers and climate conditions in 
your village? 
 
  Yes   No (go to question 42) 
 
a) If Yes: What climate conditions do you think increase tsetse fly numbers?  
  (only mention options if Respondent does not volunteer information; tick all that 
apply) 
 
  Temperature – high or low (circle) 
 
  Rainfall – wet or dry (circle)                 
 
  Air humidity – more humid or less humid (circle)    
  
  Moisture in the soil – more moisture or less moisture (circle)             
  
  Flooding                        
  
  Drought 
 
 Other: _________________________________________________ 
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42.  Are there any other things that influence tsetse fly numbers in your village? 
 
  No (tick) 
 
  Or explain:-
_______________________________________________________________ 
 
 
Read: now I would like to ask you about the climate in your village 
 
43.  Over the last 30 years, would you say… 
 (read options out loud; tick all that apply) 
 
a) …rainfall in your village is:  
 Increasing          Decreasing     More erratic   No changes 
 
b) …temperature in your village is: 
 Increasing          Decreasing     No changes 
 
a) If changes were noticed: What do you think are the reasons for these changes in 
climate? 
 
  Don’t know 
 
  Or explain:-
_______________________________________________________________ 
 
44.  Over the last 30 years, do you remember particular years when you experienced severe 
water and pasture shortage for your cattle? 
 
 Yes  No (go to question 45)  Don’t remember (go to question 45) 
 
a) If Yes: What years did you experience these events? 
 
  Don’t remember exact years (tick) 
 
  Or explain:-
_______________________________________________________________ 
 
45.  Thinking back to the most recent time when you experienced severe water and pasture 
shortage, how did it affect your livelihood?   
_________________________________________________________________________ 
 
46.  What did you do to manage the severe water/pasture shortage problem during this time? 
 (only mention items below if Respondent does not volunteer information; tick all that 
apply) 
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 Change in grazing areas within the home village (explain) 
________________________________ 
 
 Migration of herd to another village/district (explain) 
________________________________ 
 
 Division of herd e.g. to other livestock keepers (explain) 
________________________________  
 
 Feeding supplement to cattle such as maize grain & husks (explain) 
___________________________ 
 
 Reduce number of livestock by sales (explain) ________________________________ 
 
Other: _________________________________________ 
 
47.  Have you heard the term “climate change” before? 
 
 Yes  No (go to question 52)   
 
48.  What do you think this term means? 
 
 Don’t know (tick) 
 
  Or explain:-
_______________________________________________________________ 
 
 
49.  Are you worried about climate change? 
 
 Yes  No (go to question 50) 
 
a) If Yes: What worries you about climate change? 
_________________________________ 
 
50.  Do you think this village is currently experiencing climate change? 
 
 Yes  No   Don’t know 
 
a) If Yes: What proof have you seen that climate change is occurring in this village? 
Probe more deeply as needed: e.g. You mentioned less rain, drought, anything else?  
_________________________________________________________________________ 
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51.  Are there any institution(s) or projects that are helping your village manage the effects of 
climate change? 
 
 Yes  No (go to question 52)  Don’t know (go to question 52) 
 
a) If Yes: What is the name of the institution(s) involved and what has been done? 
_________________________________________________________________________ 
 
52.  Do you think the measures applied by you and your village to cope with severe 
water/pasture shortages have been effective so far? 
  
 Yes  No   Don’t know (go to question 53) 
 
a) If Yes: Why? 
_____________________________________________________________ 
 
b) If No: Why not? 
__________________________________________________________ 
 
53. Do you think these measures will be effective in the future if severe water/pasture 
shortages become more common?  
 
 Yes  No   Don’t know (go to question 54) 
 
c) If Yes: Why? 
_____________________________________________________________ 
 
d) If No: Why not? 
__________________________________________________________ 
 
54. Do you have any other suggestions for additional measures that you think will help 
pastoral communities cope with severe water/pasture shortages in your village?  
 
 No (tick) 
 
  Or explain:-
_______________________________________________________________ 
 
Read: This concludes my questions. Do you have any questions for me? 
 
 
THANK YOU SO MUCH FOR YOUR COOPERATION 
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Appendix 6: Animal biodata 
Name of Village:                                                                                village ID 
 
Farmer ID: ________________________DATE OF BLOOD COLLECTION:       /      /2015 
 
 
CATTLE ID/NAME: __________________________________ 
1.Breed Shorthorn Zebu           
Sahiwal 
Boran 
Cross breed 
Other_____________ 
2.Gender M 
 
CM 
 
  F 
3.Age ---------Years 
 
Or if <1 year 
_____Months 
 
 
4 How did you get this animal? Born in your herd Purchased Gift 
 Other–Specify ___________________________ 
 
 
5. Body condition score   ____ /5 6. Pre-scapular lymph node 
   Other: 
Enlarged (Size) 
Not enlarged  
 
  IF ENLARGED –  
Was sample collected 
Yes 
 No 
 
7. Vaccinated ECF Yes  
No 
IF YES 
When was animal vaccinated 
_______Year? 
 
  ECF Vaccination Ear Tag 
Colour? Year? Number? 
 
 
 
8. Has this animal been 
sick in the last 3 months 
Yes 
No 
IF YES Clinical signs  
 
 
  What was the disease? 
  
 
Treatment given? Yes 
No 
IF YES Details  
Animal Sick on Day of 
Blood Collection 
Yes 
No 
If Yes Details  
 
9. Tick Collection Yes 
No 
IF YES 
 
 
 
Number 
of  ticks 
Which part 
of the body 
collected 
 
Half Body 
Count 
 
 
 
 
 
 
10. Sample collected  <=12 
months 
YES 
 NO 
How many  
 
 
 >=12 
months 
YES 
 NO 
How Many  
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Appendix 7: Supplementary Table S1-seasonal calendar 
Seasonal calendar of climate parameters, cattle diseases and vector abundance by men and women pastoralists of Monduli District, Tanzania, 2015.  Values depict median 
scores (range) across 10 villages. Kendall’s coefficient of concordance (W) comparing scores for each indicator across the 10 villages is also shown separately for men and 
women groups. Local names for seasons are shown in italics. 
 Seasons  
 Men informant groups (n=10) Women informant groups (n=9) 
Indicator Short dry 
Aladalo 
Long 
rains 
Alari 
Cool  
dry   
Engijabe 
Long  
dry  
Alamei 
Short  
rains  
Orkisirata 
Wa Short 
dry 
Aladalo 
Long 
rains 
Alari 
Cool  
dry   
Engijabe 
Long  
dry  
Alamei 
Short  
rains  
Orkisirata 
Wa 
Rainfall 0.5 
(0,9) 
17.5 
(7,27) 
1 
(0,7) 
0 
(0, 0) 
5.5 
(3,23) 0.824 
5 
(0,10) 
17 
(12,25) 
2 
(0, 5) 
0 
(0, 0) 
6 
(0, 10) 0.780 
Temperature 8 
(0,13) 
0 
(0, 5) 
0 
(0, 4) 
20 
(5, 30) 
0 
(0, 8 ) 0.785 
10 (5,14) 0 
(0, 5) 
0 
(0, 0) 
16 
(11, 20) 
4 
(0, 8 ) 0.913 
CBPP  0 
(0,6) 
2.5 
(0,16) 
8 
(0, 22) 
6.5  
(0,19) 
4 
(0, 22) 0.223 
3 
(0, 8) 
2 
(0,12) 
4 
(0, 9) 
15 
(0, 30) 
3 
(0, 18) 0.425 
BCT 2.5 
(0, 9) 
7 
(0,12) 
9 
(0, 21) 
1  
(0,13) 
4.5 
(0,12) 0.332 
3 
(0, 7) 
4 
(0,13) 
3 
(0, 6) 
4 
(0,30) 
0 
(0,11) 0.062 
FMD  5 
(0, 9) 
7.5 
(4, 17) 
5.5 
(0,14) 
0 
(0, 6) 
9 
(0, 13) 0.398 
2 
(0, 8) 
14 
(10,23) 
7 
(4, 18) 
0 
(0, 5) 
4 
(0, 10) 0.659 
ECF 
 
6.5  
(0,19) 
5.5 
(0,20) 
11 
(6, 22) 
2.5  
(0,8) 
0 
(0, 4) 0.582 
3 
(0, 17) 
10 (0,22) 8 
(0, 16) 
0 
(0, 5) 
4 
(0, 20) 0.438 
AAT  5.5  
(0,10) 
3.5  
(0,15) 
4.5 
(0,19) 
9.5 
(6,19) 
6 
(0,10) 0.318 
5 
(0, 8) 
5 
(0,18) 
4 
(0, 14) 
10  
(3,16) 
5 
(0, 6) 0.279 
Ticks 5 
(0, 6) 
5 
(1,15) 
6 
(0, 17) 
5.5  
(0,14) 
5.5 
(0,13) 
0.036 
4 
(0, 12) 
5 
(0,16) 
6 
(0, 15) 
9 
(0,19) 
3 
(0, 8) 
0.090 
Tsetse flies 5.5  
(0,15) 
3.5 
(0, 15) 
4.5 
(0,9) 
9  
(4,15) 
6 
(2,15) 0.299 
3 
(0, 20) 
10 
(2, 13) 
7 
(0, 20) 
3 
(0, 19) 
3 
(0, 9) 0.130 
a Interpretation of Kendall’s coefficient of concordance: W < 0.26, P > 0.05 (weak agreement); W = 0.26–0.38, P < 0.05 (moderate agreement); W > 0.38, P < 0.01 
(strong agreement)  
ECF = East Coast fever; AAT = African animal trypanosomosis; FMD = foot and mouth disease; CBPP = contagious bovine pleuropneumonia; BCT = bovine cerebral 
theileriosis 
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Appendix 8: Supplementary Figure S1 wildlife-cattle interactions 
Wildlife-cattle interactions at grazing areas and water points by season. Percentage of 130 cattle owners in Monduli District, Northern Tanzania 
that reported observing wildlife every day or most days at grazing areas and water points when their cattle were present 
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Appendix 9: Supplementary Table S1 for AAT-logistic regression  
 
Table S1: Results of univariable logistic regression. The outcome variable of interest was 
trypanosome infection status, as determined by ITS1-PCR. No., number; CI, 95% confidence 
interval, NA, not applicable (no output)  
Variables  No. (%) 
positive 
Odds 
Ratio 
Lower 
CI 
Upper 
CI 
p-value 
A: Animal–level variables 
Breed 
Short horn Zebu  31 (5.1) 1.06 0.58 1.94 0.85 
Cross Breeds 17 (4.8) 1    
      
Sex 
Male 16 (5.2) 1.15 0.47 1.62 0.67 
Female  32 (4.6) 1    
      
Age  
Young (3-12 months) 20 (4.2) 0.70 0.39 1.26 0.24 
Adult (≥ 12 months)  28 (5.8) 1    
      
Animal source  
Outside the herd 4 (5.2) 1.05 0.37 2.99 0.94 
Within the herd 44 (5.0) 1    
      
Sampling season 
Wet season 28 (5.5) 1.43 0.79 2.57 0.24 
Dry  season 20 (4.2) 1    
      
Body condition score 
Good 37 (4.6) 0.63 0.31 1.26 0.19 
Poor 11 (7.1) 1    
      
Sick in the last 3 months 
Yes 32 (5.0) 1.02 0.55 1.88 0.96 
No 16 (5.0) 1    
      
Treatment (trypanocide) given  
Yes 2 (2.9 ) 0.55 0.13 2.31 0.41 
No 46 (5.2) 1    
      
B: Farm level-variables 
Cattle moved out of home village in previous dry season 
Yes 42 (5.3) 0.68 0.61 3.51 0.39 
No 6 (5.7) 1    
 
251 
 
Cattle moved to frequently reported villages  
Yes 25 (5.4) 1.17 0.66 2.09 0.59 
No 23 (4.6)  1    
      
Continued 
Variables  No. (%) 
positive 
Odds 
Ratio 
Lower 
CI 
Upper 
CI 
p-value 
Cattle moved in short dry spell 
Yes 8 (4.3) 0.81 0.37 1.77 0.60 
No 40 (5.2) 1    
      
Cattle moved in wet season 
Yes 1 (3.1) 0.61 0.08 4.53 0.62 
No 47 (5.1) 1    
      
Cattle moved in cool dry season  
Yes 17 (5.9) 1.56 0.35 1.18 0.16 
 No 31 (3.9) 1    
      
Cattle moved in long dry season 
Yes 47 (5.3) 3.73 0.51 27.43 0.20 
No  1 (1.5) 1    
      
Cattle moved in short rains  
Yes 32 (4.5) 0.67 0.36 1.24 0.20 
No 16 (6.6) 1    
      
Buffalo-cattle interactions 
Yes 33 (5.1) 1.06 0.57 1.99 0.85 
No 15 (4.7) 1    
      
Elephant–cattle interactions 
Yes 25 (4.5) 0.78 0.47 1.40 0.40 
No 23 (5.7)  1    
      
Giraffe—cattle interactions 
Yes  33 (4.7) 0.83 0.44 1.55 0.55 
No 15 (5.7) 1    
 
Farmer knowledge of causative vector 
Yes 47 (5.0) 0.36 0.04 3.11 0.39 
No 1 (6.3) 1    
      
Dipping practiced 
Yes   5 (3.0) 0.54 0.21 1.37 0.19 
No   43 (5.4) 1    
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Hand spraying practiced 
Yes 45 (5.2) 1.70 0.52 5.59 0.38 
No  3 (3.1) 1    
      
Continued 
Variables  No. (%) 
positive 
Odds 
Ratio 
Lower 
CI 
Upper 
CI 
p-value 
Frequency of hand spraying 
>2 times a month   25 (4.7) 0.88 0.50 1.58 0.68 
≤2 times a month          23 (5.3) 1    
      
C: Area level variables  
Village proximity to wildlife area 
Close 15 (5.2) 1.06 0.57 1.99 0.85 
Far 33 (4.9) 1    
      
Study villages 
Meserani Bwawani 7 (7.3) 1.000 0.34 2.967 1.00 
Lepurko 3 (3.1) 0.41 0.10 1.64 0.21 
Esilalei 4 (4.2) 0.55 0.16 1.95 0.36 
Naiti 0 0.00 0.00 NA 1.00 
Mbaash 8 (8.3) 1.16 0.40 3.32 0.79 
Eluai 4 (4.2) 0.55 0.16 1.95 0.36 
Oltukai 4 (4.2) 0.55 0.16 1.95 0.36 
Lossimingori 3 (3.1) 0.41 0.10 1.64 0.21 
Donyonaado 8 (8.3) 1.16 0.40 3.32 0.79 
Engaruka Chini 7 (7.3) 1 NA NA NA 
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Appendix 10: Published Paper, Chapter Three 
 
Published in: Preventive Veterinary Medicine August 2017, 147 (79-89). 
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Appendix 11: Published paper, Chapter Four 
 
Published in Veterinary Parasitology August 2017, 246 (43-52). 
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Appendix 12: Published paper, Chapter Five 
Published in Veterinary Parasitology: Regional Studies and Reports March 2018, Vol 12:91-
98. 
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